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THE ASSOCIATION OF HIATUS HERNIA AND 
GASTROESOPHAGEAL MALIGNANCY 


Richard H. Adler, M.D., and Jose Rodriguez, M.D., Buffalo, N.Y. 


5 kom ASSOCIATION of hiatus hernia and gastroesophageal malignancy has been 
a subject of interest in recent years. Whether this association is metely a 
coincidence or whether there is a cause and effect relationship remains un- 
settled. For example, Brick® stated, in 1949, that, ‘‘The chances of a patient 
with hiatus hernia developing a carcinoma of the stomach was four times less 
than in patients without a hiatus hernia.’’ It was his impression that, ‘‘The 
hiatus hernia itself affords some protection against gastric cancer just as 
duodenal ulcer appears to protect the patient against gastric eancer.’’ In 
1952, Pack and his co-workers"! reported 2 cases of total intrathoracic stom- 
achs with gastric carcinoma. These authors postulated that the theoretical 
likelihood of a patient with a diaphragmatic hernia developing cancer within 
the intrathoracic stomach was about 1 in 180,000. That same year, Feldman 
and Myers’ reported 3 cases of esophageal hiatus hernia with gastric carcinoma 
and found an additional 43 cases recorded in the literature. They concluded 
that the incidence of gastric carcinoma was not significantly greater in those 
with hiatus hernia than in those without herniation. Smithers,’* however, in 
1955, reviewed 108 recorded cases of esophageal hiatus hernia and associated 
gastroesophageal malignancies, including 20 cases of his own. It was his im- 
pression that the combination of hernia and tumor due to chance was unlikely 
That same year, Tanner’® reported 25 cases of his own and stated that, ‘‘I 
have found this association so often that I wonder whether reflux esophagitis 
might not be a cancer provoking lesion.’’ 


From the Buffalo General Hospital and the Roswell Park Memorial Institute, and the 
Department of Surgery, The University of Buffalo School of Medicine, Buffalo, 
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Recent experience with several cases of hiatus hernia with gastric and 

esophageal malignancy stimulated our interest in this association. All avail- 

able literature on the subject has been reviewed. Smithers presented a col- 

lective review of all published cases in 1955..° A number of other reports 

have appeared during the last several years.® * & 81% 1%: 1% 15, 1% 18, 20 Tn addi- 

tion, eases of hiatus hernia with gastroesophageal malignancy have been un- 

covered in publications not concerned specifically with this association. The 
number of eases included in our review is listed in Table I. 


TABLE I. Cases or Hiatus HERNIA AND SHORT ESOPHAGUS WITH ASSOCIATED 
GASTROESOPHAGEAL MALIGNANCY 











SQUAMOUS- | 
| ADENO- CELL 
AUTHOR | DATE | CARCINOMA | CARCINOMA | SARCOMA | HISTOLOGY ? | TOTAL 


Polley 1941 2 — _ 2 
Smithers (collected 

review ) 1870-1955 3 ‘ 108 
Tanner 1955 16 ‘ 25 
Pattinson 1955 ‘ 9 
Smith 1955 1 
Wiley 1956 11 
Dunlop 1956 10 
Kay and Cross 1956 r 
Mobley & Christensen 1956 
Blades & Hall 1956 
Friedman 1957 
Peters 1958 
Sparks 1958 
Boyd et al. 1958 
Adler & Rodriguez 1958 


Totals 71 











Some cases were lacking in specific details, such as neoplastic cell type 
and exact tumor location, but, in a few instances, this information was ac- 
quired through other references. It should be emphasized that our listing 
does not represent the total number of cases of hiatus hernias with gastro- 
esophageal malignancies reported in the literature. It was not practical to 
review every publication on subjects such as reflux esophagitis, short esopha- 
gus, and diaphragmatic hernia in an effort to uncover additional scattered 
eases of hiatus hernia associated with gastroesophageal malignancy that may 
have received only passing comment in publications not concerned with this 
association. Nor was it feasible to include a meaningful analysis of the foreign 
literature. Therefore, this paper will concentrate on the English language 
literature and our own data. 


CLINICAL DATA 


All eases of hiatus hernia, primary malignancy of the stomach, and pri- 
mary malignancy of the esophagus from the Buffalo General Hospital and the 
Roswell Park Memorial Institute for the 11-year period January, 1947, through 
December, 1957, have been reviewed. The Roswell Park Memorial Institute 
is a state hospital for neoplastic diseases and provides excellent facilities for 
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complete studies of gastric and esophageal malignancies. The Buffalo General 
Hospital has active private and ward teaching services and presents a some- 
what less specialized sampling from the general population. It seemed quite 
natural to combine the data from these two hospitals because of their geo- 
graphic proximity and the authors’ associations with each institution. 

During this 1l-year period, there were 697 hospital admissions with gas- 
tric malignancy ; 388 to the Buffalo General Hospital and 309 to the Roswell 
Park Memorial Institute. Seven malignancies were sarcomas and the rest 
were carcinomas. Special attention was directed to malignancies involving 
the gastric cardia since this area of the stomach is particularly disturbed in 
hiatus hernia. Unfortunately, an exact definition of the term cardia is lack- 
ing, due to the fact that the area is without absolute anatomic landmarks and 
a concept of what the word refers to differs among individuals. For purposes 
of this study, however, the cardia was arbitrarily chosen to mean the area of 
stomach extending approximately 4 to 5 em. inferiorly from the gastroesophag- 
eal junction. Not all tumors were confined entirely to this area, and many 
involved varying amounts of distal stomach as well. In larger tumors, it was 
usually impossible to be certain whether the tumor actually arose from the 
cardia or involved it by extension. Unless the tumor extended to the gastro- 
esophageal junction, however, it was not considered as a malignancy involving 
the cardia. For example, a tumor involving the gastrie fundus but not in 
close proximity to the gastroesophageal junction would not be included as a 
tumor involving the cardia. The location of the tumor was determined on 
the basis of radiographic, surgical, and pathologie descriptions. Of the 697 
gastric malignancies, 121 (17.3 per cent) involved the gastric cardia. 

There were 302 hospital admissions for primary esophageal malignaney 
during this period; 97 to the Buffalo General Hospital and 205 to the Roswell 
Park Memorial Institute. As with the gastric malignancies, the cases in which 
the diagnoses were in question were not included in this analysis. For example, 
there were 248 cases of probable esophageal malignaney at the Roswell Park 
Memorial Institute during this period, but only the 205 eases verified histo- 
logically were included in this study. Three of the 302 esophageal malig- 
nancies were sarcomas; the rest were carcinomas. Twenty-one of the malig- 
nancies involved the cervical esophagus. The distal one third of the intra- 
thoracic esophagus received special attention since this area is particularly 
exposed to the irritating effects of gastroesophageal reflux and obstructive 
stagnation that may be associated with hiatus hernia. Normally this segment 
would include approximately the distal 8 em. of the intrathoracic esophagus 
or that part beyond the level of the inferior pulmonary vein. In practice, 
however, these areas could not always be rigidly defined, especially in the pres- 
ence of a large hiatus hernia. <A special effort was also made to classify neo- 
plasms as to location and cell type rather than have a vague group of ‘‘cardio- 
esophageal’’ tumors. This was accomplished by analyzing all available infor- 
mation obtained by x-ray, esophagoscopy, surgery, and autopsy. Of the 302 
esophageal malignancies, 73 (24.1 per cent) involved the lower third of the 
intrathoracic esophagus. 
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A total of 814 patients with hiatus hernia were admitted to both hospitals 
during this period; 676 to the Buffalo General Hospital and 138 to the Roswell 
Park Memorial Institute. Most hernias were diagnosed by x-ray studies and 
some were verified at surgery. Five cases of hernia at the Buffalo General 
Hospital and 10 of the Roswell Park Memorial Institute group were of the 
parahiatal type. These were included in the review although they differ in 
certain respects from the sliding hiatus hernia. Unfortunately, not all roent- 
genograms were available for our review; in this situation the radiologist’s 
report was used. Many of these cases have been carefully analyzed as part of 
another study on hiatus hernia,’® but the entire group was not thoroughly 
reviewed for symptomatology. In those analyzed, however, there was little 
correlation between hernia size and severity of symptoms. 

Certain interesting findings followed further analysis of the hernias. 
There were 505 females and 309 males. Of the total 814 hernias, 21 (2.5 per 
cent) had an associated gastroesophageal malignancy. Their distribution is 
shown in Table II. One patient (Case 10), although seen in 1957, was not 
included in the 11-year analysis ending December, 1957, because surgery was 
not performed until early 1958. 


TABLE II, GASTROESOPHAGEAL MALIGNANCY WITH ASSOCIATED HIATUS HERNIA 
LocaTION AND HistToLoey (B.G.H. AND R.P.M.I.) 














ADENO- CELL 


| SQUAMOUS- 
CARCINOMA SARCOMA TOTAL 


LOCATION | CARCINOMA 





Esophagus (Intrathoracic) 
Upper third 
Middle third 
Lower third 


Stomach 
Cardia (primarily) 
Cardia (plus distal in- 
volvement ) 


Totals 14 








When these 21 cases of hiatus hernia associated with gastric or esophageal 
malignancy were examined from the aspect of sex incidence, a definite differ- 
ence was noted. There were 309 males with hiatus hernia of which 16 (5.1 
per cent) had an associated malignaney, whereas only 5 (0.9 per cent) of the 
505 females with hiatus hernia had an associated gastroesophageal malignancy. 

Because the gastric cardia and distal esophagus are sites that should be 
most affected by any deleterious effects associated with hiatus hernia, these 
areas were examined further. Of 121 malignancies involving the gastric 
cardia, 12 (9.9 per cent) had an associated hiatus hernia. There were 73 
malignancies of the distal one third of the intrathoracic esophagus, of which 
6 (8.2 per cent) had an associated hiatus hernia. This made a total of 194 
cases with malignancies involving the gastric cardia and distal esophagus, of 
which 18 (9.2 per cent) had an associated hiatus hernia. 
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CASE REPORTS: GASTROESOPHAGEAL MALIGNANCIES WITH ASSOCIATED HIATUS 
HERNIAS 
I. Gastric Malignancies With Associated Hiatus Hernias.— 


Case 1.—H. S., a 38-year-old white woman, was admitted to B. G. H. on July 20, 1948, 
complaining of dysphagia for 6 months with a 20-pound weight loss, and vomiting for the 
previous 10 days. Esophagogram performed elsewhere, 3 months prior to admission, had 
been interpreted as showing stenosis involving the lower esophagus. When the roentgeno- 
grams were reviewed, a hiatus hernia was:noted. At esophagoscopy, a tumor that bled 
easily was encountered at a level corresponding to the area of stenosis seen on the x-ray 
films. On biopsy, this proved to be an adenocarcinoma. At surgery on July 28, 1948, the 
cardia was found herniated through a patulous hiatus. The tumor involving the cardia 
and extending to the distal esophagus was resected. The surgeon felt that this probably 
represented a congenitally short esophagus with a gastric carcinoma, 


CaSE 2.—W. F., a 58-year-old white man, was admitted to B. G. H. on Aug. 5, 1948, 
with complaints of epigastric gas pains and fatty food intolerance for the past 4 months. He 
claimed that he had had ‘‘an uneasy stomach for many years.’’ X-ray studies on Aug. 8, 
1948, showed a hiatus hernia and tumor thought to involve the distal esophagus. X-ray 
studies elsewhere, 2 months previously, had shown a hiatus hernia, At esophagoscopy, 
on August 10, the endoscopist felt that the cardia was above the level of the diaphragm. 
A friable, granular mass was seen extending into the distal esophagus which on biopsy 
proved to be an anaplastic papillary adenocarcinoma. A nonresectable tumor involving 
the cardia and distal esophagus was found at surgery on Aug. 30, 1948. There was no 
mention of a hiatus hernia in the operative report. 


CasE 3.—J. G., a 47-year-old white man, was admitted to B. G. H. on Dec. 28, 1948, 
because of dysphagia, substernal sticking of food, and vomiting for the previous 3 months. 
X-ray studies at that time showed the presence of cardiospasm. Nothing abnormal was found 
on esophagoscopy. The patient was discharged and re-admitted on March 7, 1949, because of 
progressive dysphagia and a 25-pound weight loss. Esophagoscopy on March 7 revealed 
prominent inflammatory folds in the lower esophagus that bled easily. A biopsy taken 
from this area showed edema and congestion. Roentgenograms on March 14 were inter- 
preted as showing a congenitally short esophagus with hiatus hernia and an obstructing 
lesion thought to be on an inflammatory basis. Because dysphagia persisted, despite 
esophageal dilatation, surgery was performed on April 1, 1949. An unsuspected tumor 
was found at the cardioesophageal junction. This was resected and found to be an adeno- 
carcinoma arising from the cardia. The operative report did not mention the hiatus hernia. 


Case 4.—R. R., a 51-year-old white man, was admitted to B. G. H. on Jan, 21, 1952, 
because of dysphagia, substernal pain, and regurgitation of 2 months’ duration. X-ray 
studies on January 23 revealed ‘‘a hiatal hernia with a filling defect in the cardia con- 
sistent with malignancy.’’ Esophagoscopy revealed nothing abnormal in the esophagus 
except for a moderate amount of ‘‘cardiospasm.’’ At surgery, on Jan. 26, 1952, a tumor 
was found involving the cardia and the hiatus. The tumor was resected and this proved 
to be an adenocarcinoma. The surgeon did not mention the hiatus hernia in his operative 
report. 


CasE 5.—G. B., a 61-year-old white man, was admitted to B. G, H. on Jan. 11, 1953, 
complaining of solid food sticking in his throat for the previous 3 weeks, X-ray studies 
revealed a hiatus hernia and a lesion interpreted as esophageal polyp (Fig. 1). At esophagos- 
copy, a papillary tumor was found 40 cm. from the upper incisor teeth and biopsy revealed 
it to be an infiltrating adenocarcinoma. At surgery, on Jan. 15, 1953, a tumor of the cardia 
extending to the distal esophagus was found and resected. Examination of the surgical 
specimen confirmed the diagnosis of adenocarcinoma. The hiatus hernia was not men- 
tioned in the operative report. 
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CasE 6.—A. M., a 68-year-old white man, was admitted to R. P. M. I. on July 26, 1955, 
because of dysphagia, low substernal pains, and food sticking in the lower chest for ap- 
proximately 2 months, X-ray studies on July 26 revealed a filling defect within a hiatus 
hernia. Esophagoscopy at that time showed edematous hyperemic gastric mucosa with 
superficial ulcerations, 36 em. from the upper incisors. No tumor was seen. Esophagoscopy 
was repeated on Sept. 23, 1955, again revealing edematous gastric mucosa at the 35 cm. level 
with a distinct change from esophageal to gastric mucosa. No tumor was seen. Roentgeno- 
grams made on Dec, 20, 1955, showed a lesion within the herniated portion of the stomach 
extending to the lower esophagus. Esophagoscopy at this time revealed induration at the 
38 em. level without a definite tumor mass. The biopsy report was for mucous membrane. 


Fig. 1—Case 5. Two x-ray views of hiatus hernia from patient with adenocarcinoma 
of cardia. Malignancy not suspected radiographically. Note filling defects in hernia due to 
tumor (see text). 


X-ray studies on Jan. 5, 1956, again showed a polypoid filling defect now involving the lower 
esophagus and extending to the gastric fundus. The hiatus hernia was not noted at this time. 
At surgery, a nonresectable tumor was found invading the cardia and extending to the 
esophagus. The histologic diagnosis was carcinoma of the stomach. The operative report 
made no note of a hiatus hernia. 


CASE 7.—S. S., a 60-year-old white man, was admitted to R. P. M. I. on Oct. 8, 1954, 
because of abdominal gas pains radiating to the chest for the past 2 months. Roentgeno- 
grams on October 29 were described as showing that the proximal stomach herniated 
through the diaphragmatic hiatus with what was interpreted as a paraesophageal hernia. 
Unfortunately, these films were not available for us to review. The patient was subse- 
quently admitted to another hospital in August, 1955, because of anorexia, weight loss, 
and emesis. Exploration revealed generalized carcinomatosis with a tumor involving the 
cardia and lesser curvature of the stomach. The records did not reveal whether a hiatus 
hernia had been noted at the time of surgery. 
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Case 8.—A. D., a 66-year-old Negro woman, was admitted to R. P. M. I. on March 14, 
1955, because of left upper abdominal end flank pains radiating to the left subscapular 
region and a 15-pound weight loss during the previous several months. A firm mass could 
be palpated in the upper abdomen. X-ray studies revealed a hiatus hernia with multiple 
filling defects in the cardia and mid-stomach. Esophagoscopy was not done. At surgery, 
a carcinoma involving the cardia and most of the stomach was found. The pathologic 
diagnosis was carcinoma of the stomach. The operative report made no mention of a 
hiatus hernia, 


Fig. 2.—Case 10. Roentgenogram of hiatus hernia with gastric carcinoma involving herni- 
ated cardia. Carcinoma not suspected initially, but coarse irregular mucosal folds noted 
by another radiologist aroused suspicion of cancer in the hiatus hernia (see text). 


CasE 9.—L. M., a 66-year-old white man, was admitted to R. P. M. I. on March 9, 
1956, because of epigastric distress, gas pains, and belching for the previous 3 months. 
On Jan. 8, 1956, he had been admitted to another hospital because of upper abdominal 
pains of 2 weeks’ duration. Gastrointestinal x-ray studies showed a hiatus hernia and 
a pressure defect in the second portion of the duodenum, diagnosed as subacute pancreatitis. 
The patient died at R. P. M. I. without surgery, and autopsy disclosed a carcinoma involv- 
ing the cardia and lesser curvature of the stomach. A cyst of the pancreas was responsible 
for the duodenal distortion noted in the x-ray studies. The pathologist made no mention 
of the hiatus hernia in his autopsy report. 


CasE 10.—C. S., a 49-year-old white man, was admitted to B. G. H. on Jan. 23, 1958, 
because of dysphagia, epigastric pain, vomiting, frequent eructations, and a 40-pound 
weight loss of 3 to 4 months’ duration. X-ray films from another hospital taken on Oct. 1, 
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1957, were interpreted as showing a hiatus hernia, On admission to B. G. H., new x-ray 
films were obtained and the previous films reviewed. Because of the coarse, irregular 
mucosal folds in the hiatus hernia, the possibility of an associated carcinoma was raised 
(Fig. 2). Esophagoscopy on Jan. 29, 1958, revealed a papillary, easily bleeding lesion at 
a level 40 cm. from the upper incisors. The biopsy showed a mucous secreting carcinoma. 
At surgery, on Feb. 5, 1958, a tumor was found involving the cardia and proximal lesser 
curvature of the stomach. This filled the diaphragmatic hiatus and extended to the distal 
esophagus. The lesion was widely resected. Even though roentgenograms had shown a 
hiatus hernia to be present, this could have been easily overlooked at surgery because of 
the tumor. 


Fig. 3.—Case 11. Roentgenogram of adenocarcinoma of distal esophagus with hiatus 
omy An ulcer had been seen in the distal esophagus 19 years before at esophagoscopy (see 
ext). 


II. Esophageal Malignancies With Associated Hiatus Hernias.— 


Case 11.—H. D., a 70-year-old white woman, was admitted to B. G. H. on June 22, 
1952, because of dysphagia, epigastric pains, and belching. She had had similar complaints 
intermittently for 19 years. Esophagoscopy and biopsy in 1933 showed an ulcer in the 
lower esophagus. Roentgenograms taken prior to admission showed an obstructing lesion 
in the distal esophagus with a hiatus hernia (Fig. 3). Esophagoscopy on June 24 revealed 
a papillary, easily bleeding tumor almost completely filling the esophageal lumen at the 
25 em. level. Biopsy showed papillary adenocarcinoma. The patient was then taken to 





—— 4 HIATUS HERNIA AND GASTROESOPHAGEAL MALIGNANCY 561 
Number 


surgery where a carcinoma involving the distal 6 em. of the esophagus was found and re- 
sected. The pathologic diagnosis was mucous-secreting adenocarcinoma. The hiatus hernia 
was not mentioned in the operative report. This lesion was definitely in the distal esopha- 
gus and proximal to the esophagogastric junction. 


CasE 12.—J. W., a 56-year-old white man, was admitted to B. G. H. on Feb. 10, 1954, 
because of dysphagia and a 12-pound weight loss over a period of 5 months. X-ray studies 
on February 11 showed a smooth, conical narrowing of the esophagus near the aortic arch 
level. A hiatus hernia was noted extending 2 inches above the diaphragm. Esophagoscopy 
on February 19 showed a concentric narrowing of the esophagus with intact mucosa. This 
area was biopsied, however, and squamous-cell carcinoma was seen on histologic examina- 
tion. No further operative procedures were performed, This was classified as a carcinoma 
of the middle third of the intrathoracic esophagus, 


CasE 13.—M. S., a 77-year-old white woman, was admitted to R. P. M. I. on Dee. 23, 
1954, because of dysphagia of 4 months’ duration and.a 10-pound weight loss. A diagnosis 
of pernicious anemia had been made in 1944. X-ray studies on December 31 showed a 
constriction of the distal esophagus and a hiatus hernia. Esophagoscopy on the same day 
revealed a friable mass at the 26 cm. level. Biopsy showed normal esophageal mucosa. 
Repeat esophagoscopy and biopsy on Jan. 5, 1955, revealed epidermoid carcinoma at the 
same level. Surgery was not done because of the patient’s poor general condition. 


Case 14.—R. P., a 59-year-old white man, was admitted to B. G. H. on Nov. 2, 1955, 
because of heartburn, dysphagia, and substernal pain for the past month. This was as- 
sociated with a 15-pound weight loss. Roentgenograms revealed a superior mediastinal 
mass posterior and to the right of the trachea. Esophagogram showed a perforation in the 
upper intrathoracic esophagus at this area. A hiatus hernia was also present. Esophagos- 
copy disclosed a tumor with a secondary tracheoesophageal fistula which on biopsy proved 
to be a squamous-cell carcinoma of the esophagus. The abscess was drained throtgh the 
neck and no further surgical procedure was performed. 


Case 15.—A. D., a 58-year-old white man, was admitted to B. G. H. on July 9, 1956, 
because of progressive dysphagia for 6 months. Esophagograms on July 11 showed an 
annular lesion in the proximal third of the intrathoracic esophagus and a small hiatus 
hernia. Esophagoscopy revealed an esophageal tumor 20 cm. from the incisors. Biopsy 
showed this to be a squamous-cell carcinoma. No further surgery was performed. 


Case 16.—A, A., a 55-year-old white man, was admitted to B. G. H. on Dee. 11, 1955, 
because of dysphagia, excessive eructation after meals, and a 15-pound weight loss of 3 
months’ duration, X-ray studies on December 11 revealed a hiatus hernia with a short 
esophagus. Esophagoscopy on December 13 showed a normal-appearing, shortened esopha- 
gus that entered the stomach at a level interpreted to be above the diaphragm. The patient 
was re-admitted on Dec. 19, 1956, because of a left lower mediastinal mass seen on x-ray 
films. He was taken to surgery on Dee. 20, 1956, and a large, nonresectable tumor was 
encountered involving the terminal esophagus. Liver metastases were present. A biopsy 
was interpreted as leiomyosarcoma. Repeat barium x-rays on May 7, 1957, showed the tumor 
but the hiatus hernia was no longer demonstrable. 


III. Hiatus Hernia With, but Preceding, Gastroesophageal Malignancy.— 


CASE 17.—M. M., a 69-year-old white woman, was admitted to B. G. H. on May 29, 
1952, because of a feeling of diffuse pressure and fullness in the upper abdomen for the 
previous several months. X-ray studies on May 30 revealed a hiatus hernia. She was 
again admitted to the hospital on Feb, 25, 1957, because of severe left lower quadrant 
abdominal pains of 2 days’ duration. Radiographic studies on February 27 showed fixation 
of the lesser curvature of the stomach from the esophagus to the antrum. The hiatus 
hernia previously seen was not noted at this time. At surgery, on March 16, 1957, the 
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stomach was found to be involved with tumor extending from the esophagus to the pylorus. 
One of the numerous peritoneal implants was biopsied and showed metastatic carcinoma. 
There was no mention of a hiatus hernia in the operative report. 


CASE 18.—R. J., a 68-year-old Negro man, was admitted to B. G. H. on April 15, 1953, 
because of left upper quadrant pain persisting for 3 weeks following head and left lower 
chest trauma. Roentgenograms on April 18 showed a hiatus hernia (Fig. 4, 4). The 
patient was kept under observation and discharged improved. On Jan. 16, 1957, he was 
re-admitted because of persistent crampy epigastric pain that was not relived by food, 
milk, or antacids. He had lost 30 pounds during the preceding 3 months. A palpable 


A. B. 


Fig. 4.—Case 18. Adenocarcinoma of stomach obliterating previously demonstrable hiatus 
hernia. A, Roentgenogram (April 18, 1953) showing only hiatus hernia. B, Roentgenogram 
(Jan. 17, 1957), hiatus hernia no longer demonstrable due to tumor (see text). 


mass was noted in the mid-epigastrium. X-ray studies showed fixation of the lesser curva- 
ture of the stomach with an associated ulcer. The hiatus hernia seen previously was not 
noted at this time (Fig. 4, B). At surgery, on Jan. 22, 1957, an adenocarcinoma involving the 
cardia and proximal two thirds of the stomach was found. It had extended to involve the 
distal esophagus. The surgeon did not mention a hiatus hernia in his operative report. 


Case 19.—F. J., a 70-year-old white man, was admitted to R. P. M. I. on May 20, 1957, 
because of progressive dysphagia for 3 months. He was known to have had a hiatus hernia 
for many years. Roentgenograms before admission on May 7, 1957, revealed a hiatus 
hernia with a tumor thought to be in the lower esophagus. Repeat x-ray studies at 
R. P. M. I. showed a filling defect in the gastric cardia with a hiatus hernia. Esophagos- 
copy on June 14, 1957, revealed a granular, friable, ulcerating tumor. Biopsy, however, 
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showed mucous membrane of the esophagus. At surgery, on July 15, 1957, the dia- 
phragmatic hernia was noted to be patulous and of a size that would easily admit four 
fingers. The tumor was palpated in the cardia extending through the hiatus. Biopsy 
of a metastatic liver nodule revealed adenocarcinoma. At autopsy, 6 months later, the 
findings of gastric carcinoma with metastases were confirmed. The hiatus hernia was not 
mentioned in the postmortem protocol. 


Case 20.—P. W., a 61-year-old white man, was admitted to R. P. M. I. on July 7, 1947, 
because of occasional dysphagia, excessive gas, and a feeling of pressure in his stomach 
for the preceding 2 years. A lump had been present in the left side of his neck for 6 
months. An x-ray diagnosis of hiatus hernia had been made in 1943, X-ray studies on 
July 9 showed a neoplasm in the lower esophagus but the hiatus hernia was not demon- 
strated. Esophagoscopy on July 15 showed an annular carcinoma in the distal one third 


Fig. 5.—Case 22. Roentgenogram of obstructing epidermoid carcinoma of distal esophagus. 
Hiatus hernia with patulous hiatus found at surgery, although hernia not demonstrable by 
x-ray study (see text). 


of the esophagus. The biopsy apparently missed the tumor and showed thickened squamous 
epithelium. The neck mass was then biopsied and showed metastatic carcinoma most 
certainly from the esophagus. No further surgery was performed. 


Case 21.—F. K., a 55-year-old white man, was admitted to another hospital in September, 
1956, because of dysphagia, substernal pain, and vomiting for the previous month. The 
patient had complained of heartburn for many years, with symptoms suggesting gastro- 
esophageal reflux. X-ray studies revealed a large hiatus hernia with some narrowing and 
irregularity of the distal esophagus. At surgery, the hiatus hernia was noted and a tumor 
was palpated in the distal esophagus proximal to the gastroesophageal junction. The 
tumor was resected and found to be an adenocarcinoma, He was then referred to 
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R. P. M.I. for further management. X-ray proof of the earlier existence of a hiatus hernia 
is lacking, but the long history typical of gastroesophageal reflux suggests that a hernia 
with reflux had been present. 

CasE 22.—P. D., a 67-year-old white man, was admitted to R. P. M. I. on Oct. 14, 
1957, because of pyrosis, heartburn, intermittent dysphagia, substernal pain, and occasional 
regurgitation for 35 years. Four days prior to admission he had been unable to swallow 
anything. X-ray studies in 1950 were interpreted as showing esophagitis and esophageal 
ulcer. These impressions were confirmed by esophagoscopy and biopsy at that time. There 
was no note of hiatus hernia and the roentgenograms were not available for our review. 
X-ray studies on Oct. 23, 1957, revealed an obstructing lesion in the distal esophagus 
(Fig. 5). No hiatus hernia or gastroesophageal reflux was noted. Esophagoscopy revealed 
an ulcerating tumor, 38 cm. from the upper incisors, which was biopsied and shown to be 
@ squamous-cell carcinoma. At surgery, a hiatus hernia was found with a patulous dia- 
phragmatic hiatus that easily admitted three fingers, A 5 cm. tumor was found in the 
distal esophagus and resected. The pathologic diagnosis was squamous-cell carcinoma. 
Although earlier roentgenograms were lacking, the hiatus hernia with reflux esophagitis 


had probably been present for many years. 


COMMENTS 


Two other cases of hiatus hernia associated with gastric carcinoma were 
found in reviewing our records. They were not included here because of ques- 
tionable histologic verification of the malignancy. Another patient with a 
symptomatic hiatus hernia of 2 years’ duration was found to have an asso- 
ciated intramural fibromyoma of the distal esophagus which was removed at 
the time of hernia repair. One other patient had progressive intermittent 
dysphagia and had a papilloma of the distal esophagus which was proximal to 
a hiatus hernia and stricture. This was resected at thoracotomy and no evi- 
dence of malignancy was found. 

Of the 22 cases outlined above, one (Case 10) has not been ineluded with 
the 11-year statistical review because the patient was admitted to the hospital 
and taken to surgery 2 months after the end of the review period, although 
he had been seen earlier. All 12 gastric carcinomas with associated hiatus 
hernias involved the cardia and over one half of them were limited to the 
proximal stomach or cardia. Two patients showed evidence of edema and 
congestion at esophagoscopy verified by biopsy, one in the cardia and the 
other presumably in the esophagus (Cases 3, 6). 

Of the nine esophageal malignancies associated with hernias, one was a 
leiomyosarcoma and eight were carcinomas. Two were adenocarcinomas of 
the distal esophagus (Cases 11, 21). Unfortunately, there was no way of 
checking back to see if these represented examples of carcinoma developing 
in the lower esophagus lined by columnar epithelium. At least 3 patients had 
histories of chronic illness suggesting hernias and gastroesophageal reflux (Cases 
11, 21, 22). Four were definitely shown to have had hiatus hernias prior to the 
malignaney (Cases 17, 18, 19, 20). In only 3 patients (Cases 1, 19, 22) was a 
patulous hiatus or hiatus hernia noted by the surgeon. In Case 1, the surgeon 
thought this represented a congenitally short esophagus. The other 2 patients 
(Cases 19, 22) were noted by us at surgery in 1957 when our attention had 
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become focused on the association of tumor and hernia and we specially looked 
for the hernia. The few autopsy reports made no mention of a hernia asso- 
ciated with the malignancy. 


DISCUSSION 


The association of hiatus hernia and gastroesophageal malignancy may be 
more common than has been thought. Certain reasons as to why this associa- 
tion appears to be uncommon become apparent after reviewing our material. 
Hiatus hernia itself can be considered a modern disease because it has only 
recently received much attention. Before the use of methods for increasing 
the intra-abdominal pressure and placing the patient in various positions, 
many hiatus hernias were missed with upright barium examinations of the 
esophagus and stomach. Even with present-day techniques, hiatus hernia may 
not be seen unless the radiologist takes time and is especially interested in the 
subject, or unless he has been alerted to the possible presence of a hiatus 
hernia by the referring physician. Despite special efforts by the radiologist, a 
hiatus hernia may not always be demonstrable at a single examination. If 
extra time and effort are used, however, a considerable number of hiatus 
hernias may be found in the radiologist’s practice, especially in older individ- 
uals. The absence of radiologic landmarks to show the exact site of the 
squamous-columnar mucosal junction and the hiatus margins and the func- 
tional variations in size and shape of the distal esophagus are but a few of the 
factors that make absolute radiologic interpretations in the gastroesophageal 
area and the diagnosis of hiatus hernia difficult. 

The presence of an obstructing neoplasm in the esophagus may divert the 
radiologist’s attention away from further attempts to demonstrate a hiatus 
hernia (see Fig. 5). Also, if the lesion obstructs the esophageal lumen so as 
to prevent sufficient passage of barium distally, it may not be possible to 
demonstrate adequately a hiatus hernia. When the tumor involves the cardia, 
a hiatus hernia may no longer be apparent (see Fig. 4). In 4 cases from our 
series, a hiatus hernia had been previously shown to have been present, but it 
was no longer demonstrable radiographically because of the intraluminal space- 
occupying effect of the new neoplasm. 

Surgeons, too, may have their attention diverted away from a hiatus 
hernia by the presence of a tumor involving the cardia and distal esophagus. 
This was very apparent in our cases of tumor with hernia, for the hiatus 
hernia was noted at surgery only when its presence became a matter for 
special attention. With larger tumors involving the cardioesophageal area, 
however, it may be impossible to recognize a hiatus hernia at surgery although 
it may have been demonstrated radiographically at an earlier date. 

The pathologist is seldom in a position to appreciate an antemortem hiatus 
herniation that has become reduced below the diaphragm at postmortem 
examination. In addition, the steps usually followed in routine autopsy organ 
removal practically ruin any opportunity for detecting a sliding hiatus hernia 
unless the pathologist first deliberately exposes and dissects this area. In the 
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past, when the cardia became fixed above the diaphragm as a result of second- 
ary fibrous esophageal shortening or adhesions, the condition was usually con- 
sidered that of a congenitally short esophagus. It becomes evident, therefore, 
that hiatus hernias associated with gastroesophageal malignancies may have 
been overlooked by radiologists, surgeons, and pathologists. 

In considering the association of hernia and tumor, several interesting 
observations come to mind. Certainly hiatus hernia is more common than 
previously suspected, especially when one looks for it. This is particularly 
true in the older age group, the age when cancer is also more common. Never- 
theless, only a small number of known hiatus hernias appear to have associated 
gastroesophageal malignancies (2.5 per cent of our patients, 21 of 814 cases of 
hernia). It must be remembered, however, that many hiatus hernias are 
asymptomatic and may be only incidental findings in upper gastrointestinal 
x-ray studies. Other hernias producing symptoms are readily controlled by 
medical or surgical treatment. This leaves only a small number of hernias 
that produce continued irritations to the cardioesophageal area. Perhaps it is 
mainly this small number of individuals exposed to the continuous effects of 
irritation who may eventually develop a neoplasm. Several patients from our 
group of malignancies with hernias had histories of chronic heartburn, eruc- 
tation, pyrosis, and dysphagia; common symptoms of gastroesophageal reflux 
associated with hiatus hernia. The records of others lacked this significant 
information, but it may have been present had it been looked for at the time. 

At this time one might ask, how may a hiatus hernia predispose to gastro- 
esophageal malignaney. An absolute answer cannot be supplied, but several 
considerations deserve comment. The esophagus, especially its distal part, is 
directly exposed to the irritating effects of refluxing gastrie secretions due to 
gastroesophageal incompetence not uncommonly associated with hiatus hernia. 
It is well known that the resulting esophagitis and ulcerations may continue 
with repeated remissions and exacerbations. Bleeding and scarring are well- 
recognized complications of reflux esophagitis but not malignancy. Stasis 
and stagnation in the distal esophagus may also be associated with hiatus 
hernia as a result of spasm, edema, and stricture. A type of esophagitis may 
occur in the esophagus proximal to the stenosis with areas of mucosal destrue- 
tion, epithelial hyperplasia, and leukoplakia. Lesions such as leukoplakia 
and epitheliomas may have a malignant potential but, curiously enough, inter- 
est in these intriguing relationships in the esophagus has waned during the 
past two decades despite the increased use of esophagoscopy and thoracic sur- 
gical procedures. The products of stagnant foods that decompose above an 
esophageal stricture associated with hiatus hernia may act as irritants and 
possibly as carcinogens. In our group of 73 patients with malignancy of the 
distal one third of the intrathoracic esophagus, 6 (8.2 per cent) had an asso- 
ciated hiatus hernia. An increased incidence of esophageal malignancy, com- 
pared to that of the general population, has also been noted with other chronic 
stenotic esophageal lesions, such as achalasia (cardiospasm) and lye strictures. 
This is an area that deserves further study. 
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A satisfactory explanation for a cause and effect relationship between 
hiatus hernia and gastric malignancy is lacking. Because the proximal stom- 
ach or eardia is primarily involved as the stomach slides up through the 
hiatus, it might be supposed that malignant changes would be more common 
here. Of our 12 cases of gastric carcinoma with associated hiatus. hernia, 
eight tumors involved the cardia primarily (Table II). This is of interest but 
the numbers are probably too small to carry statistical significance. It might 
be speculated, however, that the diaphragmatic hiatus may exert a constrict- 
ing effect on the herniated stomach that would be further exaggerated by 
gaseous distention of the cardia and stomach above the hiatus. Whether this 
could cause congestion or predispose to inflammation or ulceration remains 
conjectural. In one patient with adenocarcinoma of the cardia and hiatus 
hernia (Case 6), edema, congestion, and ulcerations were seen in the cardia at 
esophagoscopy. Gastric ulcers are known to occur in the herniated stomach 
but this raises the often disputed question as to whether a gastric uleer may 
be a premalignant condition. 

Of the gastroesophageal malignancies with associated hiatus hernias, 
adenocarcinoma predominates over squamous or epidermoid carcinomas 
(Tables I, IT). On the basis of past concepts that most adenocarcinomas arise 
from the stomach rather than the esophagus, it could be assumed that the 
stomach must have been the site of origin for most of these malignancies. On 
gross inspection it is often difficult to determine for certain the origin of 
malignancies involving the cardioesophageal junction although, in general, a 
gastric carcinoma more commonly extends into the esophagus than does an 
esophageal carcinoma extend a significant distance distally into the stomach. 
Nevertheless, adenocarcinomas have been known to oceur in the esophagus, 
but these have been thought to originate from esophageal glands or islands 
of ectopic heterotopic gastric and columnar mucosa. More recently, however, 
attention has been directed to the subject of persisting columnar mucosa 
within the esophagus that may extend upward for variable distances in con- 
tinuity from the junction of gullet and stomach.’:*} © The persistent em- 
bryonic type of columnar esophageal mucosa may be more common than had 
been previously suspected, and it may respond differently to the irritating 
factors associated with gastroesophageal reflux and stasis. A tumor arising 
from this type of mucosa would probably be an adenocarcinoma rather than 
the traditional epidermoid tumor of squamous mucosal origin. An acid-pepsin 
ulcer in this columnar epithelium would apparently behave more like a peptie 
ulcer in the gastric mucosa rather than the multiple shallow, oozing ulcers 
encountered in reflux esophagitis of the squamous mucosa. As in the stomach, 
however, only a small number of columnar mucosal ulcers should have any 
malignant potential. 

A final passing thought in considering adenocarcinomas having origin in 
the esophagus is the suggestion that reflux esophagitis and ulceration involv- 
ing squamous mucosa may heal by a gastric or columnar type epithelium in 
the presence of an acid medium, as suggested by Allison and Johnstone.’ In 
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our present state of knowledge, however, this would seem to be of little prac- 
tical consideration for, as Peters'® has pointed out, there is good histologic 
evidence that squamous regeneration occurs from residual islets in the distal 
esophagus. 

Another idea to explain the association of hiatus hernia with gastro- 
esophageal malignancy is that the malignancy is responsible for the hernia.* *° 
This concept is based on the theory that a hiatus hernia may be caused by 
muscular shortening of the esophagus in response to certain stimuli apparently 
mediated through the vagus nerves. It has been suggested that perhaps the 
gastroesophageal malignancy serves as an irritating focus, stimulating the 
esophagus to shorten, and, in this way, the cardia is pulled up through the 
hiatus to produce the hernia. The tumor itself may enlarge the hiatus and 
predispose to hiatal herniation. Although these possibilities merit considera- 
tion, they certainly would not be the explanation in situations where the 
hiatus hernia had been shown to exist prior to the occurrence of the malig- 
naney (Cases 17, 18, 19, 20). 

One other aspect of interest noted in our series of gastroesophageal malig- 
nancies with hiatus hernias was the predominance of males. Of the 309 males 
with hiatus hernias, 16 (5.14 per cent) had gastroesophageal malignancies 
whereas only 5 (0.99 per cent) of the 505 females with hiatus hernias had 
malignancies. The significance of this is uncertain since carcinoma of the 
stomach and esophagus predominate in the male and hiatus hernia is appar- 
ently more common in the female. 

In essence, then, we cannot supply a dogmatic answer to the question as 
to whether the association of gastroesophageal malignancy and hiatus hernia 
is one of coincidence or one of a cause and effect relationship. Some reasons 
as to why hiatus hernias were not diagnosed in the past and why they may 
have been missed more recently are mentioned. Certain interesting relation- 
ships exist between hiatus hernia and gastroesophageal malignancy that should 
stimulate further interest in the association of these relatively common con- 
ditions. Perhaps, with further attention directed to the subject, more exact 
information as to the incidence of this association and its true significance 
may be obtained that cannot be gathered from a review of cases in retrospect. 


SUMMARY 


Although absolute conclusions cannot be reached as to whether the asso- 
ciation of hiatus hernia and gastroesophageal malignancy is one of chance or 
one of a eause and effect relationship, it would appear that this association 
may be more common than has been previously suspected. Special attention 
is directed to malignancies of the distal esophagus and gastric cardia and 
their relationship to hiatus hernia. Various factors that may have a bearing 
on this association are discussed. Included in the analysis is an 11-year review 
of all hiatus hernias and primary malignancies of the stomach and esophagus 
from two institutions. 
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MIXED PARAGANGLIONIC AND FIBROMYXOMATOUS 
TUMORS IN THE THORACIC CAVITY 


Report of a Case With Bilateral Occurrence of the Tumor at 


Five Years’ Interval 


Olavi Perasalo, Kai Dammert, and Kari Sirola, Helsinki, Finland 


IX the literature, there is a small group of mediastinal tumors which are con- 
sidered to originate in epithelial-like cells, or groups of cells differentiating 
in association with the ganglia of the vegetative nervous system. Miller’® 
described, in 1924, the first neoplasm of this kind, using the term paraganglli- 
oma, since this tissue was called, at the time, paraganglionic tissue. It was 
originally the opinion of Kohn'® ™ that it forms a uniform system of special 
structures (‘‘ganglienartige Kérperchen’’) in connection with the sympathetic 
chain and is characterized by the chromaffin reaction and the secretion of epi- 
nephrine. The principal representative of this system was the medulla of the 
adrenal gland, and the carotid body, or glomus caroticum, was another impor- 
tant factor. Since 1950, 5 other cases have been reported in which the 
tumor was considered to arise from the so-called aortic body and histologically 
to resemble the carotid body. Since inclusion of the latter in the paraganglionic 
system is increasingly questionable, authors have sought to avoid using the 
term paraganglioma. Thus, the 2 cases published by Lattes'® were reported as 
nonchromaffin paragangliomas, and other writers have used the term chemo- 
dectoma.® ** A few tumors of the aortic body had been previously described 
in dogs. 77 In one of Lattes’s cases, an aortic body tumor was coexistent with 
a tumor arising from both the earotid body and the ganglion nodosum of the 
vagus nerve. This was evidence substantiating the opinion already existing 
concerning the multiplicity of carotid body-like tumors.’ Typical of these 
earlier described mediastinal tumors was also a slow, symptom-free growth, 
owing to which they usually were an incidental finding. We are able to 
describe below a new example of these tumors. This case, which at first was 
considered to be a case of malignant hemangioma,’ brings to light not only 
their slow, expansive growth and the tendency to the occurrence of other 
similar independent tumors (in the manner of carotid body-like tumors), but 
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also their ability to attain a great size owing to the associated fibromyxomatous 
component, to produce clinical symptoms, and to exhibit features characteristic 
of local malignancy. Certain features in the histology and habits of these 
tumors, furthermore, seem to suggest that the relationship between these carotid 
body-like tumors and the paraganglionic tumors in the stricter sense is a very 
close one. 


CASE REPORT 


The patient was a woman, single, born in 1902. Her father had died of cancer of the 
lung. At the age of 28, she had contracted pulmonary tuberculosis. At this time, a cavity 
was seen in the right upper lobe and pneumothorax was maintained on the right side for 5 
years. X-ray examinations in 1948, when she was 46, showed that the process was quiescent. 
In early 1951, the uterus and adnexa were removed because of myomas. Since she had 
cough and fever at this time, an x-ray examination ‘was made and a tumor was seen in 
the left lung. The patient, who then was 49 years of age, was now admitted to the Clinic 
for Thoracic Surgery. 


pill 


Fig. 1.—Roentgenogram, 1951. The tumor is visualized in the left lower part of the thoracic 
cavity. 


Physical examination showed a good general condition, a plum-sized nodule in the 
right lobe of the thyroid gland, and a blood pressure reading of 180/110 mm. Hg. The 
sedimentation rate was 68 mm. per hour. Roentgenologically, there were signs of old 
tuberculosis in the right lung and, in the lower left hemithorax, a fist-sized shadow with 
distinct margins, partly adjoining the heart shadow and evidently in connection with the 
thoracie wall (Fig. 1). 

On April 4, 1951, left thoracotomy was performed (Perisalo). Situated between the 
lobes and adherent to them there was a fist-sized, dark, sharply circumscribed tumor, 
which was adherent to the anterior mediastinum and supplied by moderately large blood 
vessels. Extirpation of the tumor was quite readily made. Recovery was uneventful. 
The pathoanatomic diagnosis made at the time was malignant hemangioma. 


Pathology of the Tumor Removed in 1951.— 


Macroscopic: The fist-sized, dark, roundish tumor, from which a mucoid fluid exuded 


when cut, was enclosed in a connective tissue capsule. 
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Microscopic (Dammert): The tumor tissue was composed of two different components, 
which were separated everywhere by septa of fibrous connective tissue. One of the compo- 
nents was formed by epitheloid cells which, by means of delicate, highly vascular connective 
tissue network, formed round nests or strands (Figs. 2, a and b). The other component was 
loose, well-differentiated connective tissue with fusiform and stellate cells and a matrix with 
fine fibers (Fig. 2, c). The intervening septa appeared to be in firm contact with the epi- 
theloid portion of the tumor mass (Fig. 2, d). Rather large, thick-walled blood vessels and 
small strands of epitheloid celled tumor tissue was sometimes present in the septa (Fig. 2, a). 
The cells in the nests and cords in the actual epitheloid portion were slightly variable in 
size. They were round or polyhedral, and occasionally cylindrical, and were closely associated 
with the thin-walled blood vessels of the stroma. The cell nuclei were rather large and 
vesicular and had a well-developed nucleolus. The cytoplasm of the cells was finely granular 
and frequently large and pale with indefinite margins (Fig. 2, e). The granules and cyto- 
plasm did not show the specific staining by Gomori’s method? or by the periodic acid-Schiff 
(PAS) method after acetylation which is specific for the chromaffin cells. Occasionally the 
cell nuclei were lobular or divided into two or three parts. Here and there in this organoid 
tissue were small accumulations of cells which resembled lymphocytes and were presumed to 
be sympathicogonias (Fig. 2, f). A few epitheloid cells in different slices were undergoing 
mitotic division. 

The portion of the tumor consisting of fibrous connective tissue was also richly 
vascularized. The fibroblastic cells were mostly accumulated around the capillaries or 
into groups, in association with which there stood out in the intercellular tissue a larger 
number of collagen fibrils and more of weakly PAS-positive ground substance than else- 
where (Fig. 2, e). 


Later Admissions.— 

After the operation, the patient was in good health until, in 1956, there was an onset 
of lassitude and feeling of pressure in the neck and shoulder on the right. Dyspnea and 
palpitation occurred on exertion, with exacerbation of the symptoms she was admitted in 
May, 1956, to the Clinie for Thoracic Surgery. On admission, the blood pressure was 
200/100 mm. Hg. The only roentgenologic finding was elevation and restricted motion of 
the right half of the diaphragm. Since the symptoms seemed to point to hyperfunction 
of the thyroid gland, an operation was performed. An ‘‘adenoma’’ only was found in the 
thyroid and was removed. The dyspnea became progressively severe, and the patient lost 
weight and complained of occasional pain in the right costal margin. Roentgenologic 
reports continued to point out relaxation of the right hemidiaphragm (Fig. 3). During 
hospitalization for observation, the possibility was suggested of a tumor on the right side, 
most likely below the diaphragm. Bronchoscopy disclosed flattening of the right lower 
bronchus. 

She was again admitted to the Clinie in September, 1956. The blood pressure now 
was 170/90 mm. Hg. There was an area of absolute flatness on percussion over the 
anterior right hemithorax extending from the liver to the level of the third rib. The liver 








Fig. 2.—The tumor excised 1951. 

, a, The epitheloid part of the tumor. Note the typical organoid arrangement of the pale 
epitheloid cells and the slender, richly vascularized stroma. The joining fibrous connective 
tissue is a strong septum separating the epitheloid and the fibromyxomatous part of the tumor. 
In the_neighborhood of the big blood vessels, note strands of epitheloid type of tumor tissue. 
(van Gieson, X340.) 

b, The arrangement of stroma in relation to nests and cords of epitheloid cells. (Wilder 
Stain, X340.) 

: c, The fibromyxomatous part of the tumor tissue. The cells are collected around cap- 
illary vessels. The development of fine collagenic fibrils in the abundant intercellular sub- 
stance. (van Gieson, 340.) 

d, Relation between the epitheloid part and the fibromyxomatous type of growth. Note 
the close association of the epitheloid tissue to the fibrous connective tissue septum. (van 
Gieson, X41.) 

e, Cellular details in the epitheloid tissue. The elongated or polyhedral cells show one to 
three nuclei with distinct nucleoli and a granular cytoplasm. The intimate connection be- 
tween the cells and vascular stroma is well demonstrated. (van Gieson, 1,268.) 

f, Collections of sympathicogonia-like cells in the epitheloid tissue. (van Gieson, 1,268.) 
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Fig. 2, a through f.—For legends see opposite page. 
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could be palpated anteriorly, two fingerbreadths below the costal margin. The breath 
sound was absent on the right, in the area of flatness. Erythrocyte sedimentation rate 
(ESR) was 55 mm. per hour. A right thoracotomy was performed (Perdsalo) on Sept. 12, 
1956, 5144 years after the previous intrathoracic operation. A capsulated, soft, highly 
vascular tumor, the size of a child’s head, was found to be firmly adherent to the dia- 
phragm, which was perforated by the removal of the tumor. Postoperative recovery was 
uneventful and she was transferred to radiotherapy. 

She has now been under the regular observation of the Radiation Clinic for 21 
months, her health has been fairly good and she has been working as bookkeeper for the 
greater part of this time. The ESR has persisted at a rather high level (40 to 60 mm. 
per hour). The roentgenologic condition of the lungs is unchanged; the right half of the 
diaphragm has been flaccid since the operation, the lower field of the right lung shows 
fibrosis due to the postoperative irradiation therapy and, at the hilum of the left lung, 


Fig. 3.—Roentgenograms, 1956. Five years after removal of the tumor on the left a new 
tumor is seen in the lower part of the contralateral side of the thoracic cavity. 


there is the shadow of a suspected metastasis 2 by 3 em. in size, which has not increased 
during the 14% years after radiotherapy. In December, 1957, a corrosion of the seventh 
thoracic vertebra was found. No further changes in the bone have been observed after 
radiotherapy given because of a suspected metastasis here also. In May, 1958, a sub- 
cutaneous plaque, 8 em. in diameter, was found in the interscapular region on the right 
and was treated by radiotherapy. However, it has not been definitely established that 
these findings are metastases. 


Pathology of the Tumor Removed in 1956.— 


Macroscopic: ‘The extirpated tumor was about 15 cm. in diameter and enclosed in a 
strong, shiny capsule. The cut surface was rather soft, whitish or yellowish gray, with 
faintly discernible strands and was occasionally myxomatous. In the center of the tumor 
were brownish yellow, hemorrhagic or necrotic areas. The immediate subcapsular tissue was 
wrinkled in a manner simulating the surface of the brain. 


Microscopic (Dammert): The typical components of the first growth were found also 
in this tumor, but they were not as distinctly differentiated. The greater part of the 
tumor now consisted of the fibromyxomatous component and, also, in the epitheloid por- 
tion, the stromal tissue was increased, more abundantly collagenized, and often hyalinized. 
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The epitheloid tissue seemed to press itself between the lobules of the fibromyxomatous 
portion of the tumor, The margin between the two tissue types was distinct in the super- 
ficial zones of the tumor (Fig. 4, a). In the regressively changed inner portions of the tumor, 
the collagenized and hyalinized connective tissue was greatly increased, making the dif- 
ferentiation of the two tissue types difficult in places. In general, the epitheloid tissue 
was softer and had smaller cells than that in the first tumor, and its organoid arrange- 
ment was not as evident (Fig. 4, b). The cells had lost much of their typical appearance. 
They were variable in size and shape, they had but little cytoplasm and it was poorly 
differentiated, and their chromatin-rich nucleus was definitely greater in relation to the 
size of the cell than in the earlier tumor. The cytoplasm was still finely granular and the 
epitheloid cells were organized similarly in relation to the vascular stroma as in the tumor 


Fig. 4.—The tumor excised 1956. 
_,  @, Superficial part of the tumor showing the relation of the two tissue components par- 
ticipating in the tumor formation The darker parts are epitheloid, the lighter fibromyxoma- 
tous. The tissue is externally covered by a fibrous capsule. (Mallory trichrome stain, X60.) 


b, The epitheloid tissue. The organoid arrangement is present but the cells are smaller 
and atypic. (van Gieson, X340.) 


removed in 1951. Mitotic figures, however, were scarcely more numerous than in the 
earlier tumor. The tumor tissue was attached without any distinct margin to the dia- 
phragmatie tissue, in which nests of neoplastic cells were visible among the muscle fiber 
bundles. In the large fibromyxomatous lobules, the cells were small and spindle shaped 
and tended to become organized into groups or zones, accompanied by a stronger develop- 
ment of collagenic fibrils than in the corresponding tissue of the tumor excised in 1951. 
These formations occasionally simulated schwannomatous tissue. 


DISCUSSION 


There is no doubt but that the tumor excised in 1956 was merely a histo- 
logic variant of the one removed in 1951.* The typical organization of 
epitheloid structures and the absence of the staining habit of chromaffin cells 


*The authors wish to express their gratitude to the staff members of the Department of 
Tuthobons, Armed Forces Institute of Pathology, Washington, D. C., for the study made in 
e diagnosis, 
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justify their inclusion in the group of carotid body-like tumors, the classifica- 
tion of which is still largely a matter of controversy. No standard nomenela- 
ture has been accepted for these tumors. The subject has been very fully 
dealt with in the series Atlas of Tumor Pathology by Stout,?? LeCompte,"* and 
in the paper by Lattes.!* Most authors appear to be of the opinion that tumors 
arising from chromaffin, hormonally active tissue should be termed pheochromo- 
eytomas, but no unanimity exists concerning those tumors which hormonally 
are inactive and which are considered to originate in nonchromaffin cells. 
Some authors? * 117° use the term chemodectoma, since they consider the 
deciding factor to be the function of the tissue of origin, concerning which 
there is some experimental evidence.’ *° Other investigators designate the 
tumors merely according to the structure of origin.'* Lattes used the term 
nonchromaffin paraganglioma for tumors of the carotid body and aortie body 
because the cells supposed to be the origin of these tumors developed in eon- 
nection with the ganglia of cranial nerves or they had an equal relationship to 
the parasympathetic nervous system as their relatives had to be sympathetic 
system; the adjective ‘‘nonchromaffin’’ stressed the different stainability, 
which could be evidence of different histogenesis and function of the former 
as compared with the latter. Stout?? has been accustomed to consider the 
similarities in morphology and embryogenesis as a basie fact of unity of the 
whole tissue of this type, and the diversity of containing chromaffin granules 
or not as only a secondary property. According to this, he suggested the use 
of the term pheochromocytoma in case of hormonally active tumor, and para- 
ganglioma in case of those hormonally inactive. Thus, his opinion concerning 
paragangliomas was very similar to that originally expressed by Kohn.*® ™ 

It has been difficult to determine, in the present case, the relationship 
between the tumors and the thoracic nervous elements but, in view of its location, 
the tumor excised in 1951 could well have originated in the aortic body. The 
tumor removed in 1956, on the other hand, eould just as well have arisen from 
the ‘‘paraganglionie’’ structure of the sympathetic as of the parasympathetic 
nervous system. The classification of at least the latter tumor according to 
the tissue of origin would therefore be difficult. Considering the preceding 
discussion, also the names ‘‘nonchromaffin paraganglioma’’ and ‘‘chemodect- 
oma’’ would be warranted for the tumors described. However, the observation 
of very immature sympathetic ganglionic cells, particularly in the tumor 
excised in 1951, to which these names especially well could be applied, makes 
one doubt the correctness of being categorie by separating them seriously from 
the conventional chromaffin paraganglionie group of tumors. It seems that 
the finding of sympathogonias was evident also in the ease of Miller.’® It is, in 
this connection, interesting to recall that, in the case of pheochromocytomas, 
different developmental stages of tumor cells are known, at least in the cases 
of Wahl** and Wahl and Robinson.** However, the literature seems to contain 
further points against the separation. These are borne out by the facts that 
the paragangliomas, in the stricter sense of the word, are also slow growing 
and often multiple, and that tumors having their typical locality, even stain- 
ability, sometimes seem to appear concurrently with the carotid body-type 
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group of tumors.* Furthermore, there surely exist true sympathetic para- 
gangliomas without any chromaffin reaction. It seems that the chromaffinity 
of the cells is reached only in the final step of their differentiation. This is 
well demonstrated by the fact that not all cells in a pheochromocytoma are 
chromaffin.® 

A special feature of the tumors described in the present case was the 
clearly distinet component consisting of primitive connective tissue. To the 
knowledge of the present authors such tissue has not been present in any 
tumors deseribed previously. According to the literature, neurofibromatosis 
of the skin may coexist with a pheochromocytoma.” '® We cannot definitely 
deny the presence of sechwannomatous or neurofibromatous differentiation in 
some areas of the tumor removed in 1956. However, all the other features 
point to a true mesodermal type of growth. This again may have some bearing 
on the discussion concerning the histogenesis of tumors arising in earotid 
bodies and related structures. The view is expressed by some authors* * that 
tissue of mesodermal or vascular glomeral origin would be involved during 
their development. The structure of the two tumors in the present case seems 
to confirm this opinion. But also, the adrenals are, in the early embryogenesis, 
developed from two primitive anlagen, which for a long time remain separated. 
The cortical layer is mesodermal, the medulla ectodermal. Another suggestion 
is that perhaps a faulty organogenesis has something to do with the causal 
aspect of the tumors reported in this paper. Our knowledge is, however, too 
limited to warrant any conclusions applicable to these eases. A 

The necrotic foci, diminished organization of the tumor tissue, and the 
presence of mitotic figures and atypie cells in the tumor removed in 1956 were 
clear signs of a trend to malignaney as compared to the first tumor. Malig- 
naney is rarely encountered in tumors of the parasympathetic system.’* On 
the other hand, it is not as infrequent in the retroperitoneal tumors of a similar 
structure that are considered by Smetana*! also to be nonchromaffin para- 
ganglionic tumors. The signs of local malignancy in the latter tumor growing 
from diaphragmal tissue seem to be in keeping with the coneept that malig- 
nancies are more common in the abdominal group of paraganglionie tumors 
than in the thoracocervieal group. 

In view of the variable features of the epitheloid tissue and of the adjacent 
richly vascularized connective tissue seen in the pathoanatomie examination 
of the first tumor, our case was first diagnosed as a malignant hemangioma. 
We refer in this connection to the first report of this ease by Periisalo.s The 
new tumor which developed 514 years later in the contralateral side of the 
thorax gave reason for reconsideration and re-analysis of the ease. 


SUMMARY 


The authors describe two paraganglionic tumors developing in the thoracice 
eavity of a 56-year-old woman. The first tumor was fist-sized, was situated 
between the lobes of the left lung, and was adherent to the anterior mediasti- 
num. The second tumor was excised 514 years later because of the clinical 
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symptoms. It was adherent to the right hemidiaphragm and was of the size 
of a child’s head. It showed signs of local malignaney. The size of both 
tumors was in large part due to a separate mesenchymal fibromyxomatous 
component. Recovery was uneventful after both surgical operations and the 
patient resumed her former occupation. The development of metastases has 
recently been suspected but in no way proved. 

The authors discuss the classification of these tumors and suggest that the 
presence of small, sympathicogonia-like cells in the first removed nonchromaffin 
and earotid body-like tumor gives reason to associate both tumors closely with 
paragangliomas, in the original sense of the term. The finding of a primitive 
mesodermal component, in addition, was interesting in point of view of the 
histogenesis of paraganglionie tumors. The differentiation in principle of 
epitheloid structures associated with the sympathetic nervous system, on the 
one hand, and with the parasympathetic system, on the other hand, and of 
the tumors originating in these epitheloid structures does not appear to be well 
founded in all respects. The nonchromaffin portions of the tumors described 
in the present report are therefore merely termed paraganglionic. 
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INTRODUCTION 


Serva cane pulmonary resection during the course of an acute spreading in- 
feetion within the lung is diametrically opposed to the established concept 
of deferring operation in acute pulmonary disease. Experience with acute 
necrotizing pneumonia of staphylococeic origin, which carries a_ prohibitive 
mortality of 75 to 80 per cent under intense medical treatment, stimulated the 
development of a combined medical-surgieal approach to this disease and the 


utilization of emergency excision of diseased pulmonary tissue in these acutely 
ill patients. 

The availability of sulfonamides and penicillin in 1952 led Sir Russell 
Brock! to predict that the mortality attributable to staphylococcie infection of 
the lungs would have to be revised downward. However, reports from the 
British medical literature of the past few years point out the persistence of 
a high mortality rate associated with the acute necrotizing pneumonia of 
staphylocoecic origin. Fisher and his associates,® reporting on 21 cases of 
this type of staphylococcie pneumonia in adults, record a 66 per cent mor- 
tality despite intensive medical therapy. This is representative of the results 
currently being obtained in this country. Caswell and his colleagues,’ re- 
porting on the Temple University experience with antibiotic-resistant staphylo- 
cocci, note the deaths of 3 out of 4 patients with bronchopneumonia treated 
with antibiotics to which the bacteria were susceptible. Regarding this 
entity, Caswell states, ‘‘This mortality rate is precisely that reported in the 
presulfonamide preantibiotie era.’’ 

Reports dealing with staphylococecie pneumonia in the French and 
German literature of 1889-1890 labeled it a complication of epidemic influenza. 
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A classic description of the clinical picture of necrotizing pneumonia was 
published by Chickering and Park*® in 1919 after observing an influenza 
epidemic in a military camp of World War I. The fact that epidemic in- 
fluenza may set the stage for staphylococcic pneumonia is well established ; 
however, it can no longer be considered the sole predisposing factor. Minor 
upper respiratory infection of an acute nature may pave the way for staphylo- 
coccie invasion of the bronchopulmonary tree. Chronic bronchitis and vary- 
ing degrees of pulmonary edema may establish a favorable environment for 
the growth of staphylococci in the respiratory tree of older or debilitated 
individuals. A fatal staphylococcie process may develop as a superimposed 
infection in sites altered by pneumococcus pneumonia. 

Unfortunately, most reports have failed to differentiate clearly the 
several pathologic patterns of staphylococcic, infection within the lung. Con- 
sequently, the physician faced with an occasional case is confused by divergent 
mortality reports. Brock’s' 15 per cent mortality is applicable only to the 
abscess which can be expected to drain via bronchial routes. The 69 to 90 
per cent range applies specifically to the more virulent pattern. 

The initial insult of Staphylococcus aureus on pulmonary tissue is bacterial 
invasion of the bronchial mucosa which produces a peribronchial zone of 
hyperemia in which minute foci of consolidation appear. These foci rapidly 
progress to miliary type abscesses. The individual response to the infection 
differs in the infant and adult age groups. 

The picture established within the infant lung usually falls into one of 
three categories: (a) the peribronchial reaction may tend to remain loeal- 
ized, producing a check valve effect on the bronchioles resulting in the 
trapping of air in the distal alveoli with the subsequent development of one 
or several pneumatoceles, (b) the peribronchial miliary abscesses may rapidly 
extend to perforate the visceral pleura producing pneumothorax and em- 
pyema, and (¢) a and b may develop simultaneously in the same infant. 

In the adult lung there may occur a lobular bronchopneumonia. Seat- 
tered small areas of parenchymal infiltration occur which tend to disappear 
when the patient can effectively clear the tracheobronchial tree. This may be 
unrecognized unless frequent x-ray studies are carried out and bacteriologie 
studies performed routinely. This pattern may be self-limiting or progress 
to the more severe types, possibly by bronchial embolization. 


Second, a localized abscess may occur. The minute abscesses may be- 
come confluent to produce a sharply localized area of necrosis in close proximity 
to a bronchus. This area may be evacuated spontaneously via a bronchus 
leaving a temporary cystlike space resembling a pneumatocele. Parenchymal 
destruction may be minimal and complete healing takes place. Such a process 
may, in its healing, leave a dense parenchymal fibrosis or localized bronchiectasis. 


Localized abscesses in the periphery of the lung may perforate the 
visceral pleura and produce a bronchopleural fistula with empyema early 
in the course of the disease. Such a pattern might be anticipated when the 
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initial process is developed in the middle and lower lung fields. The pleural 
response to the development of a bronchopleural fistula is the rapid forma- 
tion of a dense, trapping peel. 

Third, there may occur a necrotizing pneumonia. The peribronchial 
abseesses become confluent to produce a coalescence of the bronchial mucosa 
and alveoli. The segment or lobe is totally involved in a hemorrhagic necrosis 
and the bronchi are occluded with necrotic slough. The zone of the lung is 
airless. It occupies its normal space as a solid edematous mass. The visceral 
pleural reaction is limited to a fibrinous exudate without the development of 
significant effusion. This process spreads locally by direct contiguity and is 
no respecter of fissures. The rapid progress of this process suggests that there 
is early impairment of the bronchial circulation within the lobe, resulting in 
tissue death. The pulmonary circulation within this area immediately be- 
comes a useless shunt, and total disintegration of the involved lobe ensues. 
The spread to the contralateral lung is usually by bronchial embolization. 
The radiographic density exhibited by such tissue is frequently misinterpreted 
as pleural effusion. 

It is readily appreciated that drainage is an essential feature in the types 
of the disease which exhibit a tendency to recover on conservative manage- 
ment. Necrotizing pneumonia is an unsolved problem and the following case 
reports serve to demonstrate a new approach which offers promise. Four 
patients subjected to emergency pulmonary resection during the acute phase 
of necrotizing pneumonia are presented. 


CASE REPORTS 


CASE 1.—(Figs. 1-6) A white army nuyse, 41 years of age, was admitted to the hospital 
complaining of right anterior chest pain and fever. The patient had been treating herself for 
a cold for approximately 3 weeks with antipyretics and oral antibiotics. Ten days prior to 
admission, pharyngitis and rhinorrhea had become marked and during this period her tempera- 
ture had risen daily to 102° F. The past history disclosed a lobar pneumonia in 1941, and 
viral pneumonia in 1948. The patient had had a recent 8 months’ tour of duty in Indo-China. 


Physical examination revealed a temperature of 101.8° F., pulse 96, and blood pres- 
sure 116/64. This patient appeared undernourished and acutely ill. The pharynx was 
mildly injected. Auscultation of the chest revealed harsh breath sounds bilaterally; there 
were no localized rales or areas of dullness. The abdomen was negative. Laboratory exami- 
nation disclosed a white cell count of 15,000 with 80 per cent neutrophils. <A throat culture 
yielded Diplococcus pneumoniae. X-ray studies showed infiltration limited to the right middle 
lobe. 

The following therapeutic regimen was instituted on admission: penicillin 40 million 
units daily, streptomycin 2 Gm. daily, Achromycin 2 Gm. daily, intermittent positive pressure, 
and Alevaire and Isuprel every 2 hours. Postural drainage of the middle lobe was attempted. 
The patient showed no response to a 10-day course of this treatment. Temperature fluctu- 
ated between 102° and 103° F. Bronchoscopic examination performed on the twelfth hospital 
day showed the right middle lobe bronchus to be displaced downward and occluded with thick 
tenacious mucus. Repeated aspiration via the bronchoscope was ineffective. Throughout the 
hospital course, the roentgenograms revealed persistence of the middle lobe consolidation. 
Coughing and positive pressure breathing were ineffective in producing significant amounts 
of sputum. By the fifteenth hospital day the temperature had stabilized at 104° F. 

On the twenty-third day, an emergency middle lobectomy was carried out under endo- 
tracheal cyclopropane-ether anesthesia. The middle lobe occupied its normal space; its pleural 





EMERGENCY PULMONARY RESECTION 


Volume 37 
Number 5 


e** pay OF oISEASE 
tm 


Temperoture Treatment 
Peniciliin- 40,00 1 Penicillin - 40,000,000 
units : units daily 
Streptomycin- 2 gms 
daily 








Streptomycin= 2 gms. 

daily : 

Achramycin - 2 gms, ¥ : Achromycin - 2 gms 

oily ‘ Gaily 

lntermittent positive 
pressure, Alevaire~ 

_tsupret @ ; 


intermittent positive 


Bronchoscapic aspiration 











~ 
Fig. 1. Fig. 2. 
Fig. 1.—Case 1. Right middle lobe infiltration. 
Fig. 2.—Case 1. Persistence of middle lobe process despite treatment. 





Fig. 4. 


3.—Case 1. Preoperative film. 
4.—Case 1. After middle lobectomy-—function studies normal. 
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Fig. 5.—Case 1. Microscopic section (x105). 
Fig. 6.—Case 1. Microscopic section (475). 





Volume 37 EMERGENCY PULMONARY RESECTION 585 


Number 5 


surface was covered with a shaggy plastic exudate. On palpation, the lobe had a rocklike 
consistency. The inflammatory process had not crossed fissure lines. Hyperemic edematous 
glands were prominent in both fissures and about the middle lobe bronchus. The middle lobe 
bronchus was edematous and friable at the point of transection. On section of the specimen, 
total destruction of the architecture was noted. Multiple minute granulomas were scattered 
throughout the lobe. At completion of the operation, the patient’s temperature which had 
been 104° F. on arrival in the operating room was recorded at 98.9° F. . 

The clinical course showed dramatic improvement following operation. The temperature 
did not exceed 100° F. despite the development of a bronchopleural fistula. This fistula 
closed spontaneously. The patient underwent decortication 6 weeks after lobectomy. Re- 
covery from the second operation was uneventful and pulmonary function studies were within 
normal limits. 

Pathologic Examination.— 

Gross: The serosal surface of the lung showed areas of hemorrhage and fibrous ad- 
hesions. Multiple sections through the lung revealed innumerable whitish discrete nodules 
which averaged 1 to 2 mm. in diameter. These nodules became confluent in some areas. The 
gross appearance suggested an active granulomatous process. Typical lung abscess was not 
encountered during gross examination. 


Microscopic: All sections examined presented the same picture. There were numerous 
diserete granulomas filled with neutrophils surrounded by an inflammatory granulation exhibit- 
ing early fibrosis. Broad zones of organizing pueumonia separated the granulomas. Focal 
and diffuse areas of necrosis and pneumonitis involved the alveolar walls and septae. Exudate 
was composed of fluid fibrin and mononuclear cells. As the reaction was seen throughout the 
pulmonary parenchyma it probably represented a specific type of infection. The over-all find- 
ings were those of suppurative organizing bronchopneumonia. Bacteria were not demonstrated 
by special staining techniques. 


Comment.—Repeated sputum cultures and cultures of bronchoscopic washings failed to 
disclose the etiology of this process. Likewise, cultures of the resected lobe were negative; 
however, clinically, this patient’s course was consistent with the staphylococcie process. The 
microscopic examination of the resected tissue suggested that the process was halted in the 
course of its progress toward a true necrotizing pneumonia. At no time did the patient 
exhibit findings consistent with true abscess formation. The prompt clinical response to 
lobectomy in this patient indicated that emergency resection might be useful in the manage- 
ment of certain acute pulmonary infections which did not drain via normal routes and which 
exhibited no tendency to improve on adequate medical therapy. Bronchopleural fistula is to 
be anticipated as a complication due to the local disease process within the bronchial wall. 


CasE 2.—(Figs. 7-12) A 22-year-old white man was admitted to Brooke Army Hospital 
by transfer from another hospital. This soldier returned to this country from Germany on 
Sept. 21, 1957, at which time he was suffering from a cold characterized by a dry hacking 
cough. During Oetober the cough increased and hecame productive of blood-tinged sputum; 
throughout this period outpatient treatment had been ineffective. He was hospitalized 
November 4. 

Chest roentgenogram at this time revealed a small area of infiltration in the left lower 
lobe. Achromycin, 2 Gm. daily, Alevaire and Isuprel inhalations and expectorants comprised 
the hospital treatment and for the next 15 days his temperature ranged from 100° F. to 103° 
F. His clinical condition gradually deteriorated, although his temperature stabilized at lower 
levels, 99° to 100° F. Roentgenograms of the chest revealed a slow increase in the area of in- 
filtration in the left lower lobe. Sputum cultures during this hospital period yielded hemolytic 
Staphylococcus aureus and streptococcus. The cough progressed to become productive of 


mucopurulent sputum. There was a 6-pound weight loss. Skin tests were reported as follows: 
purified protein derivative No. 2, positive; histoplasmosis and coccidioidomycosis, negative. 
White blood cell count during this month of hospitalization varied from 12,000 to 12,800. 
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Fig. 7.—Case 2. Initial x-ray findings. 
Fig. 8.—Case 2. Progressive parenchymal infiltration of left lower lobe. 
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Fig. 10. 


Fig. 9.—Case 2. Progressive parenchymal destruction. No pleural fluid. 
Fig. 10.—Case 2. Total destruction of left lung with spread to right upper lobe. 
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This patient was transferred to Brooke Army Hospital on the thirty-ninth day of his 
disease. Physical examination revealed an acutely ill, mildly lethargic, young man. Tempera- 
ture was 104° F., pulse 120, respirations 32, and blood pressure 138/88. The left hemithorax 
was splinted and dull to percussion. No breath sounds were heard over the left lung. The 
pharynx was hyperemic. The abdomen was negative. Sputum culture yielded Staphylococcus 
aureus, coagulase negative, sensitive to broad spectrum antibiotics. 

The following therapy was instituted on admission: daily, by intravenous route, 
penicillin 20 million units, streptomycin 2 Gm., Chloromycetin 3 Gm.; oral medication— 
isonicotinie acid hydrazide 400 mg., and pyridoxine 150 mg. On the forty-second day of 
disease, the patient’s temperature ranged upward to 106° F. Bronchoscopy revealed an 
exuberant granulation process occupying the major portion of the left main-stem bronchus. 
Thick, anchovy-like pus was removed from this site with a biopsy forceps. Following this, 
there was suggestive evidence of return of aeration to the left upper lobe. Digitalization 
was accomplished. Bronchoscopy with removal of large amounts of pus was performed 
several times on the forty-fifth day of disease. Left thoracentesis yielded 50 c.c. of sero- 
sanguineous fluid. Emergency thoracotomy was proposed at this time, but it was postponed 
hoping that further clearing of the left upper lobe would obviate pneumonectomy. On the 


Fig. 11—Case 2. Gross specimen of left lung. 


fiftieth day of disease, the patient’s temperature was lowered by continuous intravenous drip 
of hydrocortisone 300 mg. daily. Low hemoglobin was corrected with three units of blood. 
The patient seemed to stabilize for a period of 9 days during which time bronchoscopic 
aspiration and irrigation were performed daily. White cell count was 18,300, neutrophils 94, 
lymphocytes 6, and hemoglobin 9.6. However, on December 17, the sixty-sixth day of disease, 
the temperature started to ascend. Tracheostomy was performed and aerosal tryptar was in- 
stituted every 2 hours. Copious amounts of thick pus were aspirated from the tracheostomy 
tube. On December 18, x-ray studies revealed total consolidation of the left lung with an 
infiltrative process in the upper lobe of the right lung. 

On the seventieth day of disease, white cell count was 32,900, neutrophils 94, lympho- 
cytes 6, and hemoglobin 10.4 Gm. Artificial hibernation was begun and the patient’s tempera- 
ture was reduced to 95° F. by surface cooling with Thermorite blankets. A left pneumonec- 
tomy was performed. The left lung was free of adhesions, the pleural surface was covered 
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with a thin shaggy exudate and there was no intrapleural fluid. The lung was firm and 
edematous, its surface presenting transverse imprints of the adjacent ribs. Pulmonary 
vessels were ligated and divided within the pericardium as their exposure within the hilus 
was technically impossible. The pericardial sac contained grayish, cloudy fluid. The main- 
stem bronchus was necrotic in its zone of division near the carina. Extraction of the intact 
specimen could not be carried out through the routine posterolateral incision, consequently, 
it was fragmented during extraction of the specimen from the pleural cavity. Section of 
the resected lung revealed total destruction of the parenchyma. Artificial hibernation was 
maintained and patient’s temperature was controlled to a level of 97° F. until he died 17 
hours after operation. 
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Fig. 12.—Case 2. Microscopic section (475). 


Pathologic Examination.— 


Gross: The left lung was completely consolidated except for a small partially aerated 
portion of the upper lobe. The pleural surface of the lung was white in color with scattered 
patches of exudate. No areas of adhesions were noted. 


Microscopic: There was diffuse suppurative bronchitis with obstruction and ulceration 
of the bronchial mucosa. Pulmonary parenchyma showed diffuse necrosis with organization 
of a suppurative bronchopneumonia. In some areas there were broad sheets of fibrinoid-like 
material with thickened alveolar septa, with organization of bronchial secretion and complete 
consolidation of focal areas within the lung parenchyma. Several areas showed confluent 
abscess formation especially around small- and medium-sized bronchi. Diagnosis: pneu- 
monitis; diffuse consolidation and organization; suppuration and confluent abscesses. 

Comment.—The unrelenting progression of disease was well illustrated in this instance. 
In retrospect, it is likely that this patient would have survived if he had undergone thoracot- 
omy when it was first proposed. Even at that time, left pneumonectomy would probably 
have been the operation of choice. Desperation pneumonectomy in the face of contralateral 
disease is not advocated as it offers no promise of significant reduction in the existing 


mortality rate. 
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CASE 3.—(Figs. 13-18.) A 39-year-old Negro woman was hospitalized with complaint 
of suboccipital headache, rhinitis, right chest pain, and blood-streaked sputum. Her general 
health had been good until 3 days prior to admission when a cold became complicated by 
marked nasal discharge and headache, cough had increased in frequency and severity, and 
slight blood streaking of the sputum had been noted for 24 hours. Physical examination dis- 
closed an acutely ill female with a temperature of 102° F., pulse 100, respirations 24, 
blood pressure 118/90, and grunting respiratory distress. The nose and throat were 
moderately hyperemic. The right thorax was splinted, and rhonchi and wheezes were present 
throughout the right chest. Percussion note was slightly impaired in the right lower chest. 
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Fig. 13. Fig. 14. 
Fig. 13.—Case 3. Third day of disease—infiltration of right lower lobe. 
Fig. 14.—Case 3. Sixth day of disease—spread of disease under therapy. No pleural 
fluid. 


The abdomen was negative except for bilateral adnexal tenderness. Skin tests of purified 
protein derivative, coccidioidin, and histoplasmin were negative. Laboratory examinations 
revealed a white cell count at 18,000, neutrophils 80, lymphocytes 16, and a hemoglobin of 
12 Gm. Sputum smear showed gram-positive cocci. On December 22, a sputum culture 
yielded Staphylococcus aureus coagulase positive, sensitive to Chloromycetin. The temperature 
varied between 101° and 103° F. During this period, she received penicillin, 2 million 
units, and streptomycin, 2 Gm. twice daily. Following the recovery of Staphylococcus aureus 
from the sputum cultures, the treatment was changed to the following: chloramphenicol 3 
grams, penicillin 60 million units, tetracycline, 750 mg., and streptomycin 2 Gm. daily, 
by continuous intravenous drip. Hydrocortisone, 300 mg. daily, was started. Chest roentgeno- 
grams on the sixth day of disease were interpreted as revealing the presence of pleural fluid. 
Thoracentesis failed to confirm this. On the seventh and eighth days, the patient’s tempera- 
ture remained at lower levels, and she was symptomatically improved. Rales and dullness 
persisted over the right base. Chest x-ray studies were consistent with progression of the 
infiltrative process in the right lower lobe. The patient’s clinical course deteriorated rapidly 
on the ninth day. Temperature rose to 102° F., pulse 120, and respirations 38. Sputum 
production was minimal. White cell count was 32,500 with 88 per cent neutrophils. Anti- 
bioties were changed to the following, administered by continuous intravenous drip: peni- 
cillin 105 million units, ristocetin 3 Gm., Chloromycetin 3 Gm., streptomycin 3 Gm., and 


erythromycin 3 Gm. 
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The patient continued to deteriorate clinically and right thoracotomy was deemed 
essential. Artificial hibernation was instituted. The patient was cooled to 94.5° F. with aid 
of Thermorite blankets. Right thoracotomy was performed. The necrotic process was 
found to involve only the lower lobe. Routine lower lobectomy was carried out. 

Postoperatively, the patient was greatly improved; drug therapy was continued. Her 
temperature was controlled to a normal level by continued hibernation and hypothermia 
for 48 hours postoperatively. Following discontinuation of hibernation, temperature 
reached 100° F, on two occasions. All antibiotics were discontinued on the sixteenth 
postoperative day. Thoracotomy tubes were removed after 72 hours. The recovery was 
uneventful and patient resumed normal activity 30 days after onset of illness. 


Temperoture 
101 


100° ON 





Fig. 15. 


Fig. 15.—Case 3. Ninth day of disease—day of operation. 
Fig. 16.—Case 3. Third postoperative day, 


Pathologic Examination.— 


Microscopic: The bronchi were all similar; there appeared to be hyperplasia of the 
bronchial epithelium. It was thick, dense, and piled in some areas; in other areas there 
appeared to be actual ulceration and erosion of the bronchial mucosa. Some of the bronchi 
were large, distended, and filled with mucopurulent exudate. The exudate extended into 
the smaller and terminal bronchioles. The pulmonary parenchyma showed a diffuse con- 
solidation with marked thickening of alveolar septa and infiltration with inflammatory 
cells. In other areas the pulmonary parenchyma showed large and small abscesses with 
necrotic degenerating centers. In some areas, there was coalescence of the individual 
abscesses. Precipitated proteinaceous material and fibroblasts along with the collapsed 
alveoli made almost a solid mass of pulmonary parenchyma in the areas adjacent to the 
multiple abscess. In some areas the abscessed cavities and abscessed walls extended out 
to the visceral pleura. 


Comment.—The clinical course of the disease and the radiologic findings illustrated our 
indications for the use of excisional surgery. After 72 hours of treatment, the patient’s tem- 
perature appeared to be controlled, and she was somewhat improved clinically; however, 





Volume 37 EMERGENCY PULMONARY RESECTION 


Number 5 


Fig. 17.—Case 3. Microscopic section (475). 


> 


Fig. 18.—Case 3. Follow-up film. 
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x-ray studies showed marked progression of the right lower lobe infiltration. By the 
ninth day of her illness, despite continued antimicrobial therapy, she began to manifest 
evidence of rapid clinical deterioration with further x-ray evidence of increase in the 
pulmonary infiltration. Right lower lobectomy was performed, utilizing the artificial 
hibernation-hypothermia technique. Following discontinuance of this support on the 
third postoperative day, the patient did not become hyperthermic; 100.4° F. was the 
highest temperature noted in the postoperative period. Her postoperative clinical course 
demonstrated that properly timed surgical intervention in these patients can produce 
a satisfactory result. The destruction evident in this resected lobe was such that had 
she been fortunate enough to survive the acute disease the damaged residual lung would 
have necessitated an operation and additional hospital care. 


CASE 4.—(Figs. 19-26.) This 36-year-old man was admitted to Brooke Army Hospital 
on May 29 because of dyspnea, fever, and left chest pain. About mid-May, this patient 
had been treated for a 2-day bout of cramping abdominal pain. This was complicated 
by swelling of the ankles. One week prior to admission to Brooke Army Hospital a cough 
developed with left anterior chest pain. This progressed to a cough productive of blood- 
streaked mucopurulent material, persistent fever, and increasing weakness. 

Physical examination disclosed a cyanotic patient in acute respiratory distress, tem- 
perature 101° F., respirations 40. The pharynx was injected. There was limited ex- 
pansion of the chest on the left; intercostal retraction was noted on the left. Breath 
sounds were decreased in the left hemithorax, and coarse rhonchi and rales were heard 
over the left lung. The abdomen was negative. The extremities showed pitting edema. 
Laboratory examinations revealed the white cell count to be 15,850 with neutrophils 90, 
lvmphoeytes 10. Hemoglobin was 10.6 Gm., hematocrit 34, serum sodium 138, serum 
chlorides 97, potassium 4, blood urea nitrogen, 29.5 mg. per cent, and CO, 18 mEq. per 
liter. Urine showed a specific gravity of 1.025, sugar 2+ positive, albumin negative. A 


smear of the pleural exudate showed gram-positive cocci, and gram-negative diplococci. 
This patient was practically moribund on arrival in the ward. Pulse and blood pressure 


were not obtained. 

Tracheostomy was performed without anesthesia. Aspiration yielded copious 
amounts of foul-smelling, yellowish pus. A similar material (1,500 ¢.c.) was removed by 
left thoracentesis. The cyanosis cleared rapidly. After 2 hours of Levophed support, the 
blood pressure stabilized at 130/80, pulse 110, and respirations 20. The Levophed was 
discontinued. A mushroom catheter was inserted into the left pleural cavity via the 
eighth interspace and attached to water-seal drainage. Bronchoscopy and tracheobronchial 
lavage resulted in further clearing of the airway. Digitalization was accomplished with 
intravenous Cedilanid. The thoracotomy tube ceased to function after 48 hours; the 
position was corrected and 300 ¢.c. of pus drained promptly. Atelectasis of the left lower 
lobe persisted despite bronchoscopy and repeated tracheal suction. A total of 1,000 ¢.c. of 
blood was given. The patient appeared confused and irrational. On June 2, a second 
thoracotomy tube was inserted and 1,200 ¢.c. of pus was evacuated from the left pleural 
cavity. His mental state improved steadily until June 5. 

On June 6, the patient was extremely toxic; drainage via the thoracotomy tubes 
was poor. Blood (1,000 ¢.e.) was administered, hydrocortisone (100 mg.) was given and, 
under hibernation hypothermia, a left lower lobectomy was performed. Culture of the 
fluid exudate yielded microaerophilic streptococcus and Staphylococcus albus, coagulase 
negative, sensitive to chloramphenicol, oxytetracycline, and streptomycin. At operation, 
several large loculated empyema pockets separated by old pleural adhesions were encountered 
with necrosis of pulmonary tissue involving the posterior segment and superior division. 
Considerable intractable oozing was encountered in the region of the pulmonary ligament and 
from the parietal pleural surface. The upper lobe inflated easily and appeared free of 
parenchymal disease. Pleural drainage was established with two large rubber tubes. 
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During the first 24 hours postoperatively, the patient continued to ooze to the point 
of collapse of the left upper lobe, and production of a mediastinal shift. A second opera- 
tion was carried out June 7 which revealed bleeding from the chest wall and in the area 
of the pulmonary ligament. This was controlled with electrocautery and Gelfoam sutured 
into the bleeding sites. The left upper lobe was re-expanded and suction applied to the 
thoracotomy tubes. Following the second operation, the patient received adequate blood 
transfusions and was maintained with a Bennett respirator for 36 hours. All drugs were 
discontinued by June 14. On June 29, he received pneumoperitoneum to aid in the closure 
of the bronchopleural fistula. The residual bronchopleural fistula was treated by open 
thoracotomy tube until the pleural space was reduced to a 10 c¢.c. capacity. 
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Fig. 20. 


Fig. 19.—Case 4. Massive pyopneumothorax. 
Fig. 20.—Case 4. Following tracheotomy and thoracostomy drainage. 


Pathologic Examination.— 

Gross: The lower lobe of the lung was firm; the pleural surface markedly thickened. 
Sectioning revealed two large abscess cavities. The diameter of one of the cavities measured 
3em. A large abscess near the pleural surface measured 6 em. in diameter. 

Microscopic: Sections from various portions of the lobe were similar. The picture was 
that of an acute inflammatory abscess with an abundance of neutrophils and necrotie debris 
in the central portion. No fibrous encapsulation was noted. There was increased fibrin 
deposit about the rim of the abscess. The surrounding lung was frequently collapsed and 
focal areas of scarring were noted. 

Comment.—The disease pattern exhibited by this patient appears to have been due to 
a fulminating staphylococcie infection occurring within a previously damaged lobe of the left 


lung with early drainage into areas of pre-existing chronic pleuritis. The resultant empyema 
drained via the bronchus almost causing asphyxiation of the patient. The decision for 
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Fig. 21. Fig. 22. 


Fig. 21.—Case 4. Following use of multiple thoracotomy tubes. 
Fig. 22.—Case 4. Beginning of postoperative hemothorax. 


Fig. 23. Fig. 24. 


Fig. 23.—Case 4. Stabilization following second thoracotomy for hemothorax. 
Fig. 24.—Case 4. Follow-up film—twenty-fifth postoperative day. 
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Microscopic section (X30). 
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26.—Case 4. 
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Microscopie section (x105). 
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emergency surgical intervention was based on the clinical deterioration and the failure of 
multiple thoracotomy tubes to drain the empyema effectively. The complication of continued 
postoperative bleeding, necessitating a second thoracotomy, was attributable to the extensive 
old pleuritis in this patient. The bronchopleural fistula was anticipated following suture of a 
bronchial stump which showed signs of early necrosis. Both complications responded readily 
to proper therapy indicating that the acute process had been brought under control as a 
result of lobectomy. 


DISCUSSION 


Minor surgical techniques have long been utilized as a supplement to the 
medical treatment in the less virulent types of staphylococcie infection with- 
in the lung. The efficacy of closed intercostal tube drainage in infants who 
develop tension pneumothorax or pyopneumothorax is well known. Clinical 
improvement is usually prompt when such drainage is instituted. The early 
development of empyema in the adult requires similar drainage of the pleural 
space before control of the infection is attained. 

Patients who survive staphylococcie infection of the lung, under con- 
servative medical treatment, do so only because their individual response to 
the infection includes drainage via the tracheobronchial tree or via the 
pleural cavity. A significant percentage of adults surviving the acute stage 
of the disease require operation to remove crippling bronchiectasis and ex- 
tensive fibrosis. 

The necessity for drainage of staphylococcic infections throughout the 
body has not been negated by the development of antimicrobials. Effective 
drainage does not occur in necrotizing pneumonia for several reasons. Normal 
ciliary reflexes of the bronchial mueosa are lost because of widespread de- 
struction in the bronchial wall. The gelatinous neerotie debris that collects 
in the bronchi serves as a mechanical block. The accompanying toxemia 
quickly exhausts the patient so that cough is ineffective. A vicious cycle is 
thus developed and tissue destruction continues unabated. The impaired 
circulation to the local area prevents antibiotics from reaching the infected 
site. The futility of medical treatment in such a situation is more apparent 
when it is realized that ‘‘in vitro’’ sensitivity of the staphylococcus to specific 
antibiotics is not proof positive of “in vivo” response. 

The idea of emergency pulmonary resection herein proposed is new in this 
country yet it is not without precedent. Sellors and his colleagues'® reported, 
in 1946, a series of patients suffering with spreading pneumonitis. They noted 
the prospect of cure with conservative measures to be less than 20 per cent. 
In their experience, emergency pulmonary resection resulted in a significant 
salvage not previously obtained. We were not aware of this report prior to 
using emergency resection on the patients reported here. 


The complication rate associated with emergency pulmonary resection in 
acute necrotizing pneumonia, although somewhat higher than that associated 
with resection in advanced bronchiectasis, is of little significance when con- 
sidered in relation to the marked reduction in mortality which appears possible. 
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Further evaluation of emergency pulmonary resection in fulminating 
necrotizing pneumonias seems warranted. 
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STUDIES OF PULMONARY FUNCTION BEFORE AND AFTER 
PULMONARY SURGERY IN 450 TUBERCULOUS PATIENTS 


I. Vital Capacity and Maximum Breathing Capacity 


John K. Curtis, M.D., Helene Bauer, A.B., Howard K. Rasmussen, B.S., 
and John T. Mendenhall, M.D., Madison, Wis. 


_—— resection of residual lesions larger than 1 em. in size and the re- 
moval of persistent cavities have become standard procedures in many 
hospitals for the tubereulous. Evaluation of these operations depends on a 
eareful follow-up over a period of years to determine the number of relapses 
and to recognize complications which may develop. Preservation of adequate 
pulmonary function is essential. We have undertaken to investigate changes 
which may take place in the pulmonary function following resectional surgery. 
The present report is concerned with the changes in vital capacity and maximum 
breathing capacity following various types of pulmonary resection and decortica- 
tion in 450 tuberculous patients. Studies on small groups of patients have 
shown that ventilatory function may be decreased" and intrapulmonary mixing 
altered following resection.2° 7? Long-term studies are necessary to determine 
whether or not the overexpanded remaining lung loses significant function. 
Repeated cardiae catheterizations, over a period of years, are required to learn 
about the possible changes in hemodynamies resulting from pneumonectomy. 


/ 
MATERIAL AND METHODS 


The 450 tuberculous patients who underwent thoracic operations were 
mostly males. The average age was 37.5 years, range 20 to 69 years. All 
patients were ambulatory and in good physical condition at the time of the 
tests. Postoperatively, they received breathing and shoulder exercises. In ad- 
dition, 40 tuberculous patients who refused surgery or were rejected by the 
Surgical Therapy Board were studied at similar periods to determine the effect 
of rehabilitation on pulmonary function. In this control group, 8 patients had 
minimal disease, 14 moderately advanced, and 18 far-advanced disease. 
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All patients received pulmonary function sereening tests 1 to 2 weeks before 
resection. These consisted of the vital capacity performed on a 13.5 L. respirom- 
eter.1_ Timed vital capacity was determined by a method previously deseribed.? 
Maximum breathing capacity was done on a 13.5 L. respirometer and the 
spirogram was used to note whether or not air trapping occurred.’ Intra- 
pulmonary mixing of gases was analyzed by our modification’ of the single 
breath test of Comroe.* When indicated, the more complex determinations were 
made such as: functional residual capacity,’ residual volume, index of intrapul- 
monary mixing,® diffusion for carbon monoxide by the single breathholding tech- 
niques” * bronchospirometry, pulmonary artery pressure by cardiac catheteriza- 
tion, and blood gas analyses. Included in this study are all patients who under- 
went thoracic surgery who were available in the postoperative period for re-eval- 
uation. Maximum improvement in vital capacity may be anticipated within 4 


MILLILITERS LITERS 


ry 


3 
° 
SSO1 ALIDVdVd 
ONIHLV3UG WNWIXVN 


n 
” 
°o 
al 
> 
K 
o 
=< 400 
a 
<_< 
15) 
a 
< 
= 
> 





4-5 6-7 8-9 
(35) (176) (167) (44) 


MONTHS POST-OPERATIVE 








Fig. 1.—Graph showing plateau in the improvement of vital capacity and maximum 
breathing capacity following pulmonary resection and decortication after the fifth month. Nu- 
merals along the abscissa indicate the months postoperatively when tests were performed, 
those numerals in brackets indicate the number of patients tested in each group of 2 months. 


to 6 months following resection as was shown by Pecora® in a small group of 
patients followed up to 6 months by serial determinations. A few patients, 
especially following decortication, may improve their function over a period 
of a year or more.’® Our patients, as a group, were not tested month by month, 
but information on the time of maximum improvement in funetion may be 
estimated by seattergrams plotting on the abscissa the number of months after 
operation when the tests were completed and on the ordinate values for vital 
capacity and maximum breathing capacity. Such seattergrams for our first 
50 eases showed that a plateau of improvement was reached at the sixth month. 
When the average changes in vital capacity and maximum breathing capacity 
were calculated in periods of 60 days each for the entire group, little change 
in function took place after the fifth month (Fig. 1). 
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The recommendation for resection was made by a Surgical Therapy Board. 
The patient’s problems were reviewed in detail, together with inspection of 
representative x-ray studies throughout the course of his disease. Planigrams 
and bronchograms were helpful in many patients. All patients were given 
long-term antimicrobial therapy. Except in the cavitary type of resection, 
maximum clearing and stability, according to x-ray studies, were attained be- 
fore resection was considered. The majority of patients received resection to 
remove residual disease, but some had removal of persistent cavities. A few 
patients who underwent lobectomy received small thoracoplasties or insertion 
of an Ivalon sponge to fill the space when the remaining lung appeared ineap- 
able of expanding. Most of the patients who had pneumonectomies received 
large thoracoplasties or the hemithorax was filled by an Ivalon sponge. 


RESULTS 


Table I gives the average data for the control group. The average gain 
in weight between the time of the 2 tests was 4.5 pounds, 11 patients lost a few 
pounds, and 4 showed no change. The average time between the 2 tests was 9 
months. The observed vital capacity, at the time of contemplated surgery, 
was 4 per cent less than the predicted value determined by the regression formula 


TABLE I, AVERAGES VALUES FOR 40 NONRESECTED TUBERCULOUS PATIENTS TESTED FOR VITAL 
CAPACITY AND MAXIMUM BREATHING CAPACITY ON TWO OCCASIONS, AT TIME OF 
PROPOSED THORACIC OPERATION AND DURING REHABILITATION 








Age 40 years 
Interval between tests 9 months 
Weight gain 4.5 pounds 





Vital Capacity 
First observation Predicted vital capacity 4,032 ml. 
Observed vital capacity 3,864 ml. 
Average loss of vital capacity 168 ml. 
Per cent loss of vital capacity 4% 


Second observation Observed vital capacity 3,906 ml. 
Average gain since first test 42 ml, (S.D. + 312 ml.) 
Per cent gain since first test 1.1% 

Maximum Breathing Capacity 

First observation Predicted maximum breathing capacity 118 L. 
Observed maximum breathing capacity 102 L. 
Average loss of maximum breathing capacity 16 L. 
Per cent loss of maximum breathing capacity 14% 





Second observation Observed maximum breathing capacity 107 L. 
Average gain since first test oh, (8:D. = 
Per cent gain since first test 





of Baldwin.'| The follow-up study showed an increase in vital capacity over the 
observed value of 1.1 per cent (S.D. + 312 ml.). The maximum breathing 
capacity in the control group was 14 per cent less than the predicted value’ 
and the gain between the 2 tests was 5.6 per cent (S.D.+ 17 L). The studies 
on the control group indicate no significant gain in ventilatory function during 
rehabilitation. Furthermore, the data demonstrate good reproducibility of the 
test results after a period of months. 
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Table II gives the pulmonary function data on the 450 patients who under- 
went thoracic surgery. The average interval between the preoperative value 
and the postoperative value was 6 months for the entire group. The average 
preoperative values for vital capacity and maximum breathing capacity show 
a decrease in pulmonary function related to the amount of diseased lung tissue 
as shown on x-ray examination. As might be expected the patients with 
pneumonectomy, many of whom had a destroyed lung, had the greatest loss 
before operation. Ventilatory function lost as a result of resection correlates 
well with the extent of lung tissue removed. Resection of a single segment 
caused no significant loss whereas the patients with bilateral lobectomy and 
pneumonectomy suffered the greatest loss in vital capacity and maximum 
breathing capacity. Patients who had thoracotomy for decortication but no 
resection of lung tissue, in contrast, had a slight gain in function. 


COMMENTS 


The results of these studies correspond well with those previously re- 
ported.**8 In general, segmental resection for localized disease causes little 
loss of function. Even lobectomy does not cause sufficient loss to be significant 
in most patients. Bilateral resection usually is done for more extensive involve- 
ment and hence there is a larger original loss as well as postoperative decrease 
in function. Pneumonectomy may cause a large loss of vital capacity and max- 
imum breathing capacity except in the case of removal of destroyed lung. 


In our series of 43 pneumonectomies, 29 patients had resection for scattered 
disease throughout one lung as demonstrated by roentgen examination and, in 
the majority, bronchospirometry confirmed the presence of significant function- 
ing lung tissue. In this group the average loss of vital capacity was 37.5 per 
cent and loss of maximum breathing capacity 28.6 per cent. Fourteen patients 
had grossly destroyed lungs with a postpneumonectomy loss of vital capacity 
of 14.8 per cent and maximum breathing capacity of 11 per cent. Occasional 
large losses of function in patients having segmental resections and lobectomy 
resulted from complications such as hemothorax requiring drainage or re-opening 
the chest, extensive adhesions of the diaphragm, or inadvertent paralysis of 
the diaphragm. 

Several articles have appeared in which the loss of function was appraised 
in relation to the number of segments removed for tubereulosis.® ** 17 1% The 
numbers reported are small and seem to include lobectomies and even pneu- 
monectomies. The results reported therefore have questionable significance so 
far as segmental operations are concerned. Several investigators report good 
correlation of vital capacity with number of segments removed, but failed to 
find a positive correlation with maximum breathing capacity’® ** An evalua- 
tion of segmental operations according to the number of segments resected was 
therefore undertaken. We reviewed our material of 242 segmental resections 
(Fig. 2). This series includes 189 unilateral segmental resections and 53 bilateral 
segmental operations. Many of the patients had adjacent subsegments removed 
at the time of operation and some had considerable residual disease remaining 
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after cavitary resection. When segments and segments plus subsegments were 
tabulated, the trend remained the same; namely the more tissue removed the 
greater the loss of function. 

A number of investigators have reported a ‘‘thoracotomy effect’? which may 
be defined as permanent loss of pulmonary ventilatory function as a result of 
opening the chest without removal of significant functioning lung.® ** *% 1° 
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| SEGMENT 2 SEGMENTS 3 SEGMENTS 4 SEGMENTS 
140 CASES 65 CASES 31 CASES 6 CASES 


KY PReoPeraTive MEAN POSTOPERATIVE MEAN 


Kig. 2.—Bar graphs showing correlation between number of pulmonary segments removed 
and lIcss of vital capacity and maximum breathing capacity. 
This concept seems somewhat unphysiologic. There should be no theoretical 
loss resulting from opening the pleura, provided no ribs are removed and no 
complications ensue. The application of this theory in resection of pulmonary 
tuberculosis is difficult to appraise because most patients lose function. How- 
ever, in the large group of segmental resections the mean loss of function is 
very slight (vital capacity—6.3 per cent, maximum breathing capacity—1.4 
per cent). There are a number of patients, particularly in the segmental group, 
whose function was improved. Table III lists our patients in whom improve- 
ment occurred after pulmonary resection. If ‘‘thoracotomy effect’’ was indeed 
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ay, . 
present in these eases it is lost in the improvement noted. We suggest that 
‘‘thoracotomy effect’? be subjected to more critical tests before the concept 
is accepted. 


TABLE III. PULMONARY FUNCTION DATA ON PATIENTS WHO GAINED FUNCTION DURING THE 
POSTOPERATIVE PERIOD 








VITAL CAPACITY CAPACITY 
| AVERAGE | AVERAGE 
NUMBER OF GAIN NUMBER OF GAIN 
TYPE OF OPERATION PATIENTS (ML.) PATIENTS (LITERS ) 
Segmental 47 250 82 16.3 
Lobectomy 26 109 35 8.6 
Bilateral segmental 4 226 7 6.7 
Bilateral lobectomy and segmental 2 197 2 15.5 
Bilateral lobectomy 2 6.5 
Pneumonectomy 2 82 5 12 


| MAXIMUM BREATHING 














SUMMARY 


Four hundred and fifty tuberculous patients received preoperative and 
postoperative pulmonary function tests. The average interval between tests 
was 6 months. Excellent correlation between the extent of disease and the loss 
in vital capacity and maximum breathing capacity is demonstrated. Likewise, 
the amount of lung tissue removed and the loss of ventilatory function correlate 
well. When the data for segmental resections are subjected to analysis the 


vital capacity and maximum breathing eapacity lost vary directly with the 
number of segments removed. The mean decrease in vital capacity and maxi- 
mum. breathing capacity is so slight in the segmental group of 189 patients that 
doubt is cast on the validity of the coneept of significant loss of pulmonary 
function due to ‘‘thoracotomy effect.’’ 
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THE EFFECT OF BILATERAL PULMONARY RESECTION ON 
TOTAL OXYGEN UPTAKE AND TOTAL PULMONARY | 
HEMODYNAMICS IN THE DOG 


Michael T. Lategola, Ph.D., Walter Massion, M.D., and 
John A. Schilling, M.D., Oklahoma City, Okla. 


N EARLIER study has defined the effects of sudden pulmonary arterial 

blockage (10 to 85 per cent) on pulmonary hemodynamics and gas ex- 
change. The results of this work may be used as a basis for comparison to 
dogs with varying degrees of pulmonary resection. 

Earlier observations? demonstrated that dogs manifested a good altitude 
tolerance and work eapacity following a two-stage, bilateral removal of 56.5 
per cent of their original whole lung weight. Further removal of lung tissue 
caused serious pulmonary crippling. It was also noted that the dogs mani- 
fested elevated right ventricular and pulmonary arterial pressures (PAP) 
and decreased static compliance. Postmorten examination indicated right 
ventricular hypertrophy and pulmonary fibrosis. These general observations 
suggested that a more complete evaluation of adaptive mechanisms was neces- 
sary to understand the effects of pulmonary resection and its clinical limits. 
This report is the first of a series to be presented on these adaptive mechanisms. 


MATERIALS AND METHODS 


Two-Stage Resection Sequence Employed.—The symbols and nomenclature 
used throughout this report to designate lung lobes are those of Rahn and his 
co-workers.’ The first-stage resection consisted of the surgical removal of the 
medial, diaphragmatic, and mediastinal lobes (lobes BCM) of the right lung. 
Based on the per cent relative lobar weights of Rahn and associates,* these 
lobes constituted 70.6 per cent of the original right lung weight, and 41.1 per 
cent of the original total lung weight. 

The second-stage resection consisted of the surgical removal of the apical 
and the medial lobes (lobes DE) of the left lung. These lobes constituted 36.9 
per cent of the original left lung weight, and 15.4 per cent of the original total 
lung weight. The total quantity of lung tissue resected in both stages was 
56.5 per cent of the original total lung weight. 
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Time Sequence and Methods.—Kight dogs weighing approximately 20 Kg. 
were anesthetized with Nembutal (30 mg./Kg. body weight), placed in a supine 
position and tracheally intubated with a large bore, single-lumen, cuffed poly- 
ethylene tube. For the measurements of pulmonary artery pressure (PAP), 
a “self-guiding,” flexible catheter was placed in the main pulmonary artery 
(PA), utilizing a technique described elsewhere.t| The PAP was measured 
while the dog was breathing room air only. 

The first-stage resection was performed approximately 10 days following 


suitable preoperative control measurements of total oxygen uptake (Vo.-T) 


and PAP. Postoperative measurements of Vax were made on the tenth, 
twentieth, and thirty-fifth days and the PAP was measured on the thirty-fifth 
day only. The second-stage resection was performed on the fortieth day fol- 
lowing the first resection. Following the second resection, measurements of 


Vo,-1 were obtained on the tenth, fortieth, and eigthtieth days and the PAP 
was again measured on the eightieth day only. 


RESULTS AND DISCUSSION 


Table I summarizes the data obtained for both of the postreseetion pe- 
riods. The Vo.-7 was not significantly altered following both resections. The 
PAP measurements, however, indicated significant elevations following both 
resections. The PAP was elevated 18.2 per cent following the first-stage re- 
moval of 41.1 per cent of the whole lung. The second-stage removal of 15.4 
per cent more of the whole lung caused a further elevation of 90.2 per cent. 

It has been reported! that, in acute blockage of 60 per cent of the pul- 
monary vascular bed in supine, anesthetized dogs, the Vo,-1, arteriovenous 
oxygen difference ({A-V] O.) and eardiae output or total ‘pulmonary blood 
flow (Q-T) manifested only slight, insignificant changes. Further, if the 
(A-V)O. remains unchanged in any pulmonary arterial occlusion up to 60 per 
cent, the change in blood flow may be caleulated from the change in Vo, alone. 
The animals were breathing 100 per cent oxygen during the whole ocelusion 
experiment. 

In a pulmonary resection of 60 per cent or less, it may be assumed that 
the (A-V)O. remains unchanged when the Vo, is measured during 100 per 
cent oxygen breathing. As in the occlusion study, the change in blood flow 
should be proportional to the change in Vo.. The total amount of lung tissue 
resected was 56.5 per cent of the whole lung. If the assumption of (A-V)O, 
constancy is utilized, then the changes in Vo,-r, as shown in Table I, also 
reflect the changes in Q-T. The observed Q-T is only slightly and insig- 
nificantly altered by 56.5 per cent resection of the whole lung. Bilateral 
changes in Q occur, but these changes are not assessable with the data pre- 
sented here. Studies to evaluate bilateral Q changes are currently under way. 
Sinee the total oxygen uptakes measured in these experiments were obtained 
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TABLE I 








PER CENT OF CONTROL VALUE 
10TH DAY 20TH DAY 35TH DAY 
PREOP. CONTROL P.O. 0. P.O, 
First Resection 
108 + 10 107.9 + 5.4 
ml./min. P = 20.5% 
STPD Nea 
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10TH DAY 40TH DAY DAY 
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Second Resection 
108 + 10 100.9 + 2.8 98.8 
ml./min. P — 76.5% es 
STPD Noo N 


3.6 9. 5.4 
76.3% 91.9% 
4 4 


of 


15.5 + 0.7 208.4 + 13.2 


em. H.O 0.9% 
3 
100% of 271.6 8.6 
control 0.4% 
BS 


_ _ Legend: P.O. = postoperative; P = probability value (<5.0% indicates statistical 
significance) ; N = number of data. 





under anesthesia, they represent estimates of resting stage values. A priori, 
one should expect decreases in the maximal Vo.-9 and >T. These two param- 
eters afford a measure of the changes in reserve capacity available to the ani- 
mal in the postresection state. The maximal Vo,-9 and/or Q-T immediately 
following the resections should drop proportionally to the amount of lung 
removed. Any adaptive increase in these two parameters, consequent to the 
resections, must be due to vasodilatation and/or reeapillarization of the remain- 
ing lung tissue. There is some evidence to support the idea that the latter type 
of compensation may occur. 

Although there were only slight, insignificant changes in Q-T following 
both resection stages, the concomitant PAP elevations indicate that changes in 
total vaseular resistance (R-T) have oceurred. The R-T of the pulmonary 
vascular bed may be calculated from the following mathematical expression : 
AP PAP-PVP 
QT OT 
Where: AP = ‘‘the pressure head’’ of the system, 

and PVP = mean pulmonary venous pressure. 


= 


In the above expression, if it is assumed that Q-T remains unchanged fol- 
lowing resection, then the change in R-T becomes proportional to the change in 
AP. Borst and his associates’ have reported that, in anesthetized, thoracot- 
omized dogs, whole Q-T was held constant by a perfusion pump, a serotonin in- 
jection into the right PA produced a fall in Q-RT, a rise in Q-LT and a large 
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rise in PAP but only a small, insignificant rise in PVP. Stroud and Rahn® 
have reported that hypoxically induced PAP increases in the dog were accom- 
panied by only slight, insignificant changes in PVP and Q-T. The maximum 
average increase in PAP due to 8 per cent inspired oxygen (as compared to 
room air) was from 17.5 to 26.3 em. H,O or, equivalently, 150 per cent of the con- 
trol values. The average PVP before and during 8 per cent oxygen breathing 
was approximately 4.5 em. H.O. In these resection experiments, if it is assumed 
that Q-T and PVP remain unchanged and that the PVP has a value of 4.5 em. 
H,0, then it is possible to caleulate the average changes in R-T following both 
resections. These calculated data are found in Table I. Both increases are 
significant at the 5.0 per cent level of probability. These results parallel the 
previously mentioned PAP data, that is, whereas the R-T increased 26.3 per 
cent as a result of the removal of 41.1 per cent of the whole lung, the removal 
of only 15.9 per cent more of the whole lung eaused a further disproportionate 
increase of 145.3 per cent. 

The pressure/flow curve reported by Lategola' for passively induced, in- 
ereased pulmonary Q in the supine, anesthetized dog indicates that an acute 
pulmonary arterial occlusion, equivalent to the removal of 41.1 per cent of the 
whole lung, produces a PAP increase of approximately 33 per cent. Since the 
PAP, 35 days following the first resection, was elevated only 18.2 per cent, some 
hemodynamie adaptation occurred. It was hypothesized that the PAP differ- 
ence between the acute blockage and resection of 41.1 per cent of the whole lung 
indicated a substantial degree of new reeapillarization or capillary opening in 
the right apical lobe. From other gross observations? of substantial weight and 
size increases in this lobe, we feel that its vascular resistance was initially in- 
ereased due to capillary stretching accompanying its size inerease and that 
consequent to this occurrence, new capillaries were adaptively formed or opened. 

Following the second resection: The PAP and R-T increases are greater 
than those of both the theoretical predictions and the acute pulmonary arterial 
blockage of the same degree. This analysis, coupled with the gross observations 
of minimal weight and size inereases* of the left lower lobe following the second 
resection, suggests that little adaptive change takes place in this lobe. Since this 
does not seem to occur in the left lower lobe, lobar adaptation to resection may 
not only depend on the degree of resection and remaining lobar masses involved, 
but also on the initial position of the particular lobe in the thorax. An inves- 
tigation of this phenomenon is currently in progress. 


SUMMARY 


The Vo,-9 and Q-T are only slightly and insignificantly altered following 
56.5 per cent bilateral resection of the whole lung. The PAP and R-T are in- 
creased following both resections but disproportionally increased following the 
second resection. 
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SCALENE NODE, PARIETAL PLEURA, AND LUNG BIOPSY 
IN THE DIAGNOSIS OF INTRATHORACIC DISEASE 


John W. Smith, M.D.,* Harry G. Parsons, M.D.,** and 
Albert C. Daniels, M.D.,*** Weimar, Calif. 


Ps MORBIDITY of exploratory thoracotomy in the diagnosis of pulmonary 
disease may often be avoided by the judicious use of sealene node biopsy, 
pleural biopsy, and/or lung biopsy. 


SCALENE NODE BIOPSY 


Since the technique was first described by Daniels’? in 1949, there have been 
many reports confirming its usefulness.’ ?: * ®% ® % 12, 17 19-21, 28, 30-33, 37, 41, 43, 44 
Pathologie diagnoses have been made in sarcoidosis, carcinoma of the lung, 
tuberculosis, lymphomas, metastatic carcinoma, silicosis, and histoplasmosis. 
Harken and his associates’? demonstrated that the incidence of positive find- 
ings, especially in carcinoma of the lung, was greatly increased when the dis- 
section was carried as far into the mediastinum as possible. He stressed 
Rouviere’s”® concept of the lymphatic drainage of the lung. The lymphatic 
drainage of the lower part of the left and the entire right lung is to the right 
sealene lymph nodes. Left upper lobe lesions drain to the left sealene area; mid- 
lung or hilar lesions on the left may drain to either side. The frequency of 
positive node biopsy has varied from 6'° to 66 per cent. Of a total of 1,311 
Cases,* % % 12) 17, 19-21, 28, 30-33, 37, 41, 43, 44 4 Hositive diagnosis was obtained in 391, 
or 34 per cent. In these reports, the best yield has usually been in cases of 
sareoidosis and in the various lymphomas. However, the technique has been 
used extensively to determine operability in malignancies of the lung and 
mediastinum. An excellent review of the anatomy of the presecalene region’ 
appeared in 1956. 





Technique: Scalene Node Biopsy.—Selection of side for biopsy is done fol- 
lowing the concepts of the lymphatic drainage of the lung.*® The right side 
is chosen for lesions of the right lung and the left lower lobe. The left side 
is biopsied for lesions of the left upper lobe. The patient receives preoperative 
medication as for any procedure under local anesthesia. 
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A pillow is placed beneath the shoulders (elevating the shoulder on the 
side to be operated) and the head is turned away from that side. <A local 
anesthetie is infiltrated into the line of proposed incision and the tissues be- 
neath. A 5 to 7 em. incision is made parallel to the upper border of the 
clavicle and about 2 em. above it, being centered over the lateral border of the 
sternocleidomastoid. The platysma is divided in the same line and reflected 
off the superficial layer of the deep cervical fascia for a short distance upward 


_ Fig. 1.—Scalene Node Biopsy. Incision through skin and platysma has been made re- 
vealing the superficial layer of the deep cervical fascia with the underlying scalene fat pad 
in the area bounded by clavicle, omohyoid, and sternomastoid. 
and downward (Fig. 1). The lateral border of the sternocleidomastoid is 
then mobilized and retracted medially, which brings the internal jugular vein 
into view. The posterior belly of the omohyoid is mobilized from the under- 
lying fat pad, and the fat pad with its contained lymph nodes is dissected from 
the sealene muscle (Fig. 2, A), carefully preserving the phrenic nerve in the 
fascia of the muscle (Fig. 2, B). The transverse cervical artery and vein pass 
through this fat pad and may be divided and ligated if necessary. The lower 
limit of the dissection is behind the subclavian vessels, being careful to pre- 
serve the thoracic duct (on the left side) or the right lymphatic duct. A finger 
may then be used to explore the upper part of the mediastinum along the 
great vessels. The wound is closed in layers. 

It is important to dissect carefully the specimen in a sterile manner. All 
lymph nodes found should be divided in half; one part to be sent to the pa- 
thologist, the other to the bacteriology laboratory for culture. We have had 
the nodes cultured routinely for Mycobacterium tuberculosis. Fungal cultures 
are ordered when desired. 

Sealene node biopsy has been performed on 50 Weimar Chest Center 
patients since January, 1950, 2 having bilateral biopsies. Their ages ranged 
from 7 to 84 years. There were 19 positive diagnoses obtained, or 38 per cent. 
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Most common diagnoses (Table I) were metastatic carcinoma of the lung, 
tuberculosis, sarcoidosis, and metastatic tumor from sites other than the lung. 
Of the 9 cases of proved carcinoma of the lung, 2 had been diagnosed by 
bronchoscopic biopsy, and the sealene nodes were taken for evidence of opera- 
bility. Four cases were proved by the sealene node examination alone. The 
4 patients with negative scalene nodes were subjected to thoracotomy ; only 
one was operable. 


B. 
Fig. 2.—Scalene Node Biopsy. A, The fat pad with its contained lymph nodes has been 
freed from the jugular vein. 
B, With the fat pad removed, the jugular and subclavian veins, the clavicle, and the 
anterior scalene muscle, with the accompanying phrenic nerve, are seen. The transverse cervi- 
cal artery and vein and the thoracic duct are not shown. 


TABLE I. SCALENE NopE BIoPsy 








DIAGNOSES | TOTAL CASES | NUMBER POSITIVE |PER CENT POSITIVE 


Carcinoma of lung 
Proved cases 
Suspected cases 
Tuberculosis 
Tuberculosis and silicosis 
Silicosis 
Sarcoidosis 
Lymphoma 
Metastatic carcinoma, primary un- 
known 
Other 


Totals 
Other 
Carcinoma of esophagus 


Carcinoma of rectum 
Multifocal interstitial fibrosis of 





56 
0 
31 


0 
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lung neh 

Idiopathic pulmonary hemosiderosis 

Multiple pulmonary abscess 

Histiocytosis 

Bronchiectasis 

Heart failure with pulmonary con- 
gestion 

Undiagnosed pulmonary disease 
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PLEURAL BIOPSY 


Three methods of pleural biopsy have been discussed in the medical 
literature: biopsy with thoracoscopy,”* needle biopsy, using a Silverman 
needle,* 11% 18 and biopsy with direct visualization, whether by a small in- 
cision,” * ** *° or at open thoracotomy.** ** The method involving thoracoscopy 
never proved popular. Those who have done both needle and open biopsies* 
have abandoned use of the needle because they feel the specimen obtained at 
open biopsy is so far superior and the technique no more difficult. The authors 
who advocate needle biopsy report adequate tissue for diagnosis in 45 per cent" 
and 73 per cent.'* The latter group did open biopsy where possible when inade- 
quate tissue was obtained or when they got a report of ‘‘non-specifie pleu- 
ritis.’’ These additional biopsies were productive of 5 cases of granulomatous 
pleuritis and 2 of malignancy in the group of 10 cases. Contrasted with this 
uncertain situation is the fact that the tissue obtained at open biopsy can be 
selected under direct vision from an obviously diseased area. There is no 
reason for inadequate material. 


Technique: Pleural Biopsy—The area for biopsy is determined by exami- 
nation of the chest roentgenogram. The patient is positioned to make this 
area accessible. He is given preoperative sedation and, when he enters the 
operating room, he is made familiar with the anesthetist’s mask and the sen- 
sation of breathing against positive pressure. Intercostal nerve blocks are 
placed to anesthetize the area selected. A local anesthetic agent is infiltrated 
into the skin and subeutaneous tissues in the line of proposed incision. The 
incision, usually 7 to 10 em. long, is carried down to the rib. The periosteum 
is then reflected, the rib elevated, and the pleura beneath it exposed. An area 
of pleura is then easily removed (Fig. 3). If a free pleural space is present, 
this will cause immediate pneumothorax which can be controlled by positive 
pressure breathing. If the biopsy is done in the lower part of the chest, the 
diaphragmatic pleura can often be biopsied also. One should be careful to 
select a representative area, such as any thickened or obviously abnormal sec- 
tion of the parietal pleura. A large rubber catheter is brought out through a 
stab wound in an adjacent interspace and connected to water-seal drainage. 
The wound is closed in layers. A small part of each area of pleura is sent for 
culture for M. tuberculosis. The remainder of the specimen is sent to the pa- 
thologist. The catheter is removed after 24 hours, unless there is some indication 
for continued drainage. 

Twenty-five cases of pleural biopsy have been done at Weimar Chest Center 
since 1950. In only one had M. tuberculosis been isolated from the pleural fluid; 
the biopsy was done after a year of therapy in this patient. In all remaining 
eases, acid-fast bacilli had not been found in pleural fluid, sputum, or gastric 
contents previous to biopsy. Many of these patients had no fluid present at 
the time they reached our hospital. In 5 of the cases tuberculosis was later 
demonstrated by sputum cultures. Of the 25 patients, 17 had a histologie diag- 
nosis of tuberculous pleuritis, and in 10 of these, acid-fast bacilli grew on eul- 
ture of the pleural tissue. Two more patients were found to have chronic 
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pleuritis suspicious of tuberculosis with negative cultures. Nontuberculous 
pleuritis and normal pleura were found in 5 cases, and a large cell carcinoma 
metastatic to pleura in one. One of the patients diagnosed as having sub- 
acute pleuritis continued to form pleural fluid, and a later thoracentesis was 
productive of acid-fast bacilli on culture. This was the only false negative 
in our series. The remaining 5 patients were spared the long period of hos- 
pitalization and treatment which would be necessary for a diagnosis of ‘‘idio- 
pathie pleural effusion, presumably tuberculosis.’’ 


Fig. 3.—Biopsy of Parietal Pleura. With the rib bed exposed, a segment of the parietal 
pleura is excised. 


TABLE IIT. PLEURAL BIOPSY 








DIAGNOSIS | CASES PER CENT 





Tuberculous pleuritis 17 68 
Chronic pleuritis suspicious of tuberculosis 

Subacute or chronic pleuritis (nontuberculous) 1 
Large cell carcinoma, metastatic to pleura 

Normal pleura 


Total 








LUNG BIOPSY 


Biopsy of pulmonary tissue has been an accepted procedure for some time 
when considered in the sense of exploratory thoracotomy with biopsy, espe- 
cially for isolated pulmonary nodules. The more diffuse pulmonary lesions 
have not received this kind of attention until recently. In 1949, Klassen, 
Anlyan, and Curtis** reported on a new technique of limited thoracotomy 
through a short intercostal incision with biopsy of the peripheral lung which 
presented itself. They reported 6 cases including sarcoidosis, tuberculosis, 
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and metastatic malignaney. Since that time, pulmonary beryllosis, silicosis, 
asbestosis, anthracosis, interstitial fibrosing pneumonitis, pulmonary fibrosis, 
emphysema, atelectasis, chronic pneumonitis, and chronic passive congestion 
have also been found on examination of material taken by limited lung 
biopsy. * > 8 15 26 3% 40 Flamman-Rich syndrome, pulmonary telangiectasia, 
and eosinophilic granuloma, as well as some of the conditions listed above, have 
been reported as diagnosed by biopsy at standard, open thoracotomy.” 2% 2% 3% 4? 
Perhaps some saving in patient comfort could have been made if in these cases 
there had been only the limited form of biopsy. Needle biopsy of the 
lung® 1 2% 86 ig best reserved for patients who have incurable peripheral pul- 
monary malignaney in whom a tissue diagnosis is desired before starting 
palliative treatment. 


Fig. 4.—Biopsy of Lung. The pleura has been opened and one margin of an adjacent lobe 
containing palpable disease is selected for a wedge resection. 


Technique: Lung Biopsy.—Site of biopsy is again based on the chest roent- 
genogram. In most eases of diffuse pulmonary infiltration, a biopsy from the 
margin of the middle lobe or lingula would include representative tissue ; 
therefore, the most common site of biopsy is the fifth rib anteriorly, on either 
side. The patient is sedated and placed to make the operative site accessible. 
The anesthetist helps the patient become accustomed to positive pressure 
breathing via the face mask. Intercostal blocks are placed and the skin in- 
filtrated with anesthetic. The rib bed is exposed in exactly the same manner 
as in pleural biopsy, and the pleura opened. It is usually not necessary to 
resect any part of the rib, but this may be done if desired to facilitate exposure. 
A limited exploration can be carried out to select an area for biopsy. Pneu- 
mothorax is controlled by positive pressure. A representative wedge-shaped 
area is excised using crushing clamps (Fig. 4), and the lung is closed by a 
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continuous mattress suture oversewn by a continuous lock stitch using ab- 
sorbable suture. A catheter is left in the pleural space through a stab wound 
and the wound closed in layers. A portion of the specimen may be submitted 
for culture, and the remainder fixed for histologic examination. If proof of 
pneumoconiosis is desired, part of the specimen can be sent for the desired 
analysis. The catheter is connected to water-seal drainage, and may be re- 
moved in 24 hours if no air leak or bleeding is present. 

There have been 9 cases of lung biopsy (in the limited sense used here) at 
Weimar Chest Center since 1952. These were patients in whom diagnosis was 
not otherwise established. Diseases found in this series are listed in Table III. 
Study at autopsy on the ease listed as ‘‘atelectasis with chronic pneumonitis’’ 
later revealed a diagnosis of idiopathic pulmonary hemosiderosis. Special 
stains had not been made on the biopsy specimen and, in retrospect, it is felt 
that the diagnosis could have been made from the biopsy material. The case 
of granuloma of the lung was not cultured. 


TABLE IIT. Lune Biopsy 


CASES” 


DIAGNOSIS 








Tuberculosis 
Granuloma (nonspecific) of lung 
Sarcoidosis 

Anaplastic carcinoma, origin unknown 
Histiocytosis 

Atelectasis with chronic pneumonitis 
Vesicular emphysema 





DISCUSSION 


Sealene node biopsy is most useful in eases of sarcoidosis, lymphoma, and 
malignaney in the lung and mediastinum, whether primary or secondary. It 
is of particular value in determination of operability in carcinoma of the lung, 
since evidence of metastasis to the sealene nodes makes resection for eure im- 
possible. Other diseases will also show evidence of involvement of these 
nodes: tuberculosis, silicosis, histoplasmosis, and other malignancies. As is 
true of other biopsy techniques, a negative report does not exelude any dis- 
ease. We include anthracosis, hyperplasia, and lymphadenitis under the term 
‘‘negative.’’ 

Pleural biopsy is indicated when there is evidence of effusion or pleural 
thickening on x-ray study without proved etiology. This method has also been 
advocated to save time, in that a histologic diagnosis may be obtained in a 
day or two as compared with 6 weeks for culture of tuberculosis. In younger 
age groups, the most common diagnosis will be tuberculous pleuritis, while 
malignaney will be more frequent in older persons. 

Lung biopsy is indicated in diffuse, usually bilateral, pulmonary infiltra- 
tions in which other methods have not yielded a positive diagnosis. Sareoido- 
sis, pulmonary fibrosis, pneumoconiosis, and certain types of tuberculosis and 
metastatic malignancy, the diseases most commonly found by this method, are 
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not amenable to surgical treatment and there is no need for thoracotomy of 
the classie type for definitive treatment of the disease. The medical manage- 
ment varies in each of these conditions. Hence the importance of a correct 
diagnosis. Unfortunately, some of the specimens will not be diagnostic of a 
specific disease process, but will be reported as chronic pneumonia, chronic 
granuloma, and pulmonary fibrosis. These entities are poorly understood. 
The clinician must always keep in mind the possibility of multiple disease proe- 
esses. The diagnosis of tuberculosis, for example, does not exclude a ear- 
cinoma of the lung in the same patient. 

The addition of these three diagnostic techniques should reduce further 
the number of cases bearing the word ‘‘suspected’’ on the final diagnosis. 


SUMMARY 


An accurate diagnosis can often be made in pulmonary diseases by use of 
one or more techniques of biopsy which may spare the patient the morbidity, 
time, and expense associated with thoracotomy. 

These techniques, in addition to the well-known laboratory, x-ray, and 
endoscopic procedures, include biopsy of the scalene lymph nodes, of the 
parietal pleura, and of the peripheral parts of the lung tissue itself. 

Fifty cases of scalene node biopsy are reported with positive results in 38 
per cent on histologie study. This procedure is most useful in diagnosis of 
sarcoidosis, lymphoma, and metastatic malignancy. It is of particular use in 
determination of operability in carcinoma of the lung. 

Twenty-five cases of pleural biopsy are reported, with tuberculous pleu- 
ritis as the most common finding. One study gave a false ‘‘negative’’ report, 
since the patient was later proved to have tuberculous pleural effusion. This 
technique is of particular value in the ease of ‘‘idiopathie pleural effusion’’ or 
thickened pleura. It will often shorten the time required to make a diagnosis 
even though such diagnosis could be made by other, slower means. 

Nine cases of lung biopsy through a limited incision are reported. This 
technique is of value in eases of diffuse pulmonary infiltrations in which an 
aceurate diagnosis cannot be made by other means. These diseases are medical 
in nature and do not require definitive surgical treatment at the time of biopsy. 
Therefore, a large thoracotomy incision is not required. Another indication 
for lung biopsy is the suspected presence of a compensable disease. 
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CERVICAL MEDIASTINOTOMY FOR BIOPSY 


John D. Steele, M.D., San Fernando, Calif., and 
Samuel A. Marable, M.D., Los Angeles, Calif. 


r THE decade since Daniels’ original report,' diagnostic biopsy of the pre- 
sealene fat pad and its contained lymph nodes has become a widely accepted 
technique. The value of this procedure in providing a tissue diagnosis of 
both inflammatory and neoplastie disorders within the thorax has been shown 
many times and reported by various authors. 

In instances in which suspicious nodes are palpable in the supraclavicular 
area, cervical lymph node biopsy gives confirmatory evidence of inflammation 
or neoplasm in a high percentage of cases. When, however, no nodes are 
palpable in this area, sealene node biopsy is understandably less satisfactory 
in providing positive results. Unfortunately, it is in this last group of cases 
that biopsy might be most valuable. Consequently, attempts have been made 
to increase the frequency of positive biopsy results by modification and exten- 
sion of the original technique. The purpose of this report is to deseribe a 
surgical approach to the presealene and paratracheal lymph nodes which we 
feel has certain advantages over those previously reported. 

The generally accepted limits of dissection in sealene node biopsy include 
the internal jugular vein medially and the subclavian vein inferiorly. In 
1954, Harken and his associates? proposed extension of the dissection into the 
upper mediastinum through the classic incision, utilizing a laryngoscope when 
necessary to provide exposure of the paratracheal tissues in this area. In 
this manner, biopsy specimens could be obtained from the paratracheal nodes 
within the thorax. Their series of 142 such procedures yielded 31.7 per cent 
positive results in eases of pulmonary carcinoma with nonpalpable supra- 
clavicular nodes. It was emphasized that half of the positive results were 
obtained from the paratracheal nodes, and would have been missed if scaiene 
biopsy alone had been employed. Despite this improvement in results, the 
mediastinal extension of the operation has not gained wide acceptance. The 
reason for this lack of acceptance apparently stems from the inadequate 
exposure of the mediastinal area afforded by this approach, with its inherent 
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dangers of serious hemorrhage and pleural perforation. From subsequent 
publications, one gains the impression that the increase in positive results 
by mediastinal dissection has not justified the increased risk of the procedure. 

We have been using the technique for cervical mediastinotomy employed 
for many years for the exposure of the upper esophagus and for drainage of 
mediastinal abscesses.* Under local anesthesia, a 5 to 7 em. incision is made 
over the anterior border of the sternocleidomastoid muscle with its lowest 
point in the suprasternal notch (see inset in Fig. 1). After the skin and 
fascia have been incised, blunt dissection can be employed almost entirely. 
Dissection is carried inferiorly and mesially to the carotid sheath through 
the middle cervical fascia to the trachea (see A in Fig. 1). The sternothyroid 
muscle is retracted, although it could be split longitudinally if necessary. 
One easily enters the paratracheal areolar tissue and, by gentle finger dis- 
section, this plane is opened down to the level of the aortic arch on the left 
side and to a comparable distance on the right side. These levels have been 
verified roentgenographically by placing radiopaque catheters temporarily 
in the depths of the wound, the tips of the catheters being visualized at the 
level of the second costal cartilage. It is possible to examine the paratracheal 
area under direct vision, to palpate thoroughly, and to obtain a biopsy of any 
suspicious areas which may be present. In addition, masses in the apex of 
the lung may be palpated laterally, and needle biopsy may be performed 
under direct vision, making this a safer procedure than is possible through 
the chest wall. ; 

Following the paratracheal portion of the procedure, dissection may be 
carried laterally between the posterior surface of the sternocleidomastoid and 
the anterior margin of the carotid sheath to expose the scalene fat pad (see 
B in Fig. 1). A completely satisfactory biopsy of the fat pad may be obtained 
from this approach. The most lateral portion of the pad may be somewhat 
difficult to expose, but with adequate retraction even this portion may be 
excised. The more medial and inferior portions of the pad, perhaps the most 
valuable for diagnostic purposes, are removed with great ease through this 
approach. The wound is closed in layers without drainage. 

The group of cases in which this technique has been used is too small 
for statistical analysis. No significant complications have been encountered 
and there have been no instances of damage to major vessels or nerves, nor 
have there been any pneumothoraces. The dissection must be carried out 
carefully, however, since in addition to the structures encountered in routine 
sealene biopsy, the inferior thyroid veins lie in the area of dissection. These 
vessels may, of course, be ligated and divided if necessary. The recurrent 
laryngeal nerve, lying in the trachevesophageal groove, is posterior to the 
operative field, but its location must also be kept in mind. 

It is our belief that this technique results in a significant inerease in 
positive biopsy results without a significant increase in the operative risk. 
The results in our cases apparently confirm the advantages of paratracheal 
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biopsy reported by Harken and his associates. Although the area of dissection 
is the same as they described, we feel that the approach we have employed 
is more versatile and has added safety in being performed entirely under 
direct vision. 


SUMMARY 


A modified approach for the combined biopsy of paratracheal and pre- 
scalene lymph nodes has been described which can be performed with relative 
safety under direct vision. 
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PAPILLOMA OF THE ESOPHAGUS 


Association With Hiatal Hernia 


Richard H. Adler, M.D., David M. Carberry, M.D., and 
Charles A. Ross, M.D., Buffalo, N.Y. 


Bu tumors of the esophagus, although uncommon, have received increas- 
ing attention in recent years. They may be divided into two main groups, 
intramural and intraluminal. Intramural tumors generally produce few 
symptoms unless they attain a large size. They rarely protrude in a peduncu- 
lated manner into the esophageal lumen. Generally, the tumors are well 
circumscribed, and they may often be shelled out of the esophageal wall with- 
out opening the mucosa. A small number may undergo malignant change. 
Intraluminal tumors, particularly those arising mainly from the esophageal 
mucosa, have been considered to be rare. Our understanding of their patho- 
genesis is limited. ; 

Polyps were among the first of the benign intraluminal tumors of the 
esophagus to be described. An intraluminal polyp may elongate from the 
action of peristalsis and swallowing until the pedicle assumes a length that 
may allow the growth to be regurgitated into the throat. Totten and his 
associates'* found 40 polyps of the esophagus reported in the literature. All 
were in adults, and 34 originated in the upper third of the esophagus. Benign 
intraluminal tumors may also originate from heterotopic areas of gastrie or 
intestinal epithelium as well as from the esophageal glands. 

Perhaps the lesions causing the greatest confusion are the sessile intra- 
luminal tumors which have been described as wart-like protuberances or small 
polypoid, papillary growths. To this ill-defined group the term papilloma has 
occasionally been attached. The distinctions between esophageal papilloma, 
localized mucosal hyperplasia, granulomatous proliferation, leukoplakia, epi- 
thelioma, and certain small sessile polyps become muddled due in part to the 
use of indiscriminate terminology and loose interpretation. Incomplete clini- 
cal documentation and meager pathologic descriptions of reported cases add 
to the many uncertainties. 

The literature contains conflicting reports as to the nature of papilloma 
of the esophagus. Stout and Lattes’? have recently stated that true papil- 
lomas of the human esophagus do not exist. Terracol and Sweet,'* however, 
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mention papillomas of the esophagus as a not uncommon finding at autopsy. 
Esophageal papillomas are known to oceur in certain animals. When the lit- 
erature on papilloma of the human esophagus is reviewed, one is impressed 
by the fact that practically all case reports called papilloma of the esophagus 
were published over 20 years ago.?* *!! The papillomas were diagnosed on 
the basis of small pieces of tissue removed by esophagoscopie biopsy. Unfor- 
tunately, for the most part, the diagnosis was merely stated without any 
adequate pathologie description. 

The few publications mentioning papilloma of the esophagus other than 
the earlier case reports refer back to the papers of Patterson which appeared 
between 1927 and 1933. Patterson found 62 cases of benign esophageal 
neoplasms in the period 1717 to 1932. These included postmortem diagnoses, 
and many apparently had little detail other than the name of the doctor and 
the type of growth. In listing the types of neoplasms found in this review, 
-atterson stated that 8 were papillomas. Unfortunately, there was no review 
of the 8 papillomas and the references were not complete. 

In reporting a case of papilloma of the lower esophagus in 1931, MeKinney*® 
mentioned that Jackson had informed him by personal communication of 3 
eases of papilloma of the esophagus he had seen. Moersch and Harrington’ in 
1944 stated that 44 benign tumors of the esophagus were found in 7,459 post- 
mortem examinations at the Mayo Clinic in patients without esophageal com- 
plaints. The list of tumors ineluded 3 papillomas of the esophagus but no 
further description or comment was made concerning the papillomas. In 1945, 
Adams and Hoover’ referred to Patterson’s study and added 26 additional 
benign tumors of the esophagus found from 1933 to 1943. They also added 3 
cases of their own to make a total of 91 benign tumors of the esophagus re- 
corded in the literature. In listing all cases, they included the 8 cases of 
papilloma of the esophagus mentioned by Patterson and one other papilloma 
for the 1933 to 1943 period. This additional papilloma was only listed and no 
further detail was supplied. Since that time, most reports on benign tumors 
of the esophagus omit papillomas entirely, mention the condition in passing, 
or briefly refer to the cases previously reported. 

Recent experience with a patient having a localized sessile tumor in the 
distal esophagus, which was diagnosed histologically as papilloma, stimulated 
our interest in this subject and prompted a review of our own records and the 
available literature. This is apparently the first documented case of papilloma 
of the esophagus associated with hiatal hernia and distal esophageal stenosis. 
To our knowledge, it is also the first ease in which thoracotomy was performed 
with resection of the tumor and the involved esophagus. 

On reviewing our clinical material for the 11-year period, January, 1947, 
to December, 1957, 205 cases of carcinoma of the esophagus were found. In 
4, there were esophagoscopic biopsies proximal to an esophageal malignancy 
that were reported as papilloma of the esophagus, but this diagnosis was not 
upheld when the material was re-examined at the time of this review. Certain 
aspects of papilloma of the esophagus will be reviewed in this paper based upon 
our clinical experience and the information gathered from the literature. 
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CLINICAL MATERIAL 


A. Papilloma of the Esophagus Associated With Hiatal Hernia and Stric- 
ture (Case Report).— 


J. M. (No. 92973), a 73-year-old white man, was admitted to the Roswell Park Me- 
morial Institute on March 6, 1958, with the chief complaint of intermittent but progres- 
sive dysphagia for 2 years. This was characterized by a sensation of food sticking in 
the lower chest. He denied heartburn, pyrosis, regurgitation, or flatulence. There had 
been no weight loss. 

On physical examination, the patient appeared to be in fair health. He was edentu- 
lous. Barium roentgenographic studies of the upper gastrointestinal tract showed a hiatal 
hernia with narrowing at the cardioesophageal junction (Fig. 1). The radiologist felt 
that the stenosis was secondary to a long-standing hiatal hernia and that there was no 
evidence of neoplasm. The narrowed area could not be distended. There had been no 
previous x-ray studies. i 

Esophagoscopy on March 7, 1958, showed the esophagus to be normal until a level 
33 em. from the upper incisor teeth was reached; here, a papillary tumor was encountered 
arising from the left posterolateral aspect of the esophagus. When efforts were made to 
pass the esophagoscope beyond the growth, the tumor protruded partially into the esopha- 
goscope and prevented further passage. This papillary lesion projected approximately 
1 em. into the esophageal lumen and arose from an area roughly 1.5 em. along the esophag- 
eal circumference. Its surface appeared pink with irregular small lobulations. Four 
biopsies were taken from the growth with only minimal bleeding. Washings were 
aspirated for tumor cells. The gross impression was probable carcinoma of the esophagus 
proximal to a hiatal hernia. There was no evidence of esophagitis, fissuring, leukoplakia, 
or mucosal hyperplasia. The histologic report of the biopsy material was papilloma of 
the esophagus with no evidence of malignancy either in the specimen or esophageal 
washings. 

On March 21, 1958, a second esophagoscopy was done with the preoperative diagnosis 
of probable carcinoma of the esophagus and hiatal hernia. The same findings were en- 
countered and several large pieces of the neoplasm were removed with biopsy forceps. 
The sites of the previous biopsies could be seen. It was not possible to pass the esophago- 
scope beyond the growth. Again the impression was that of an esophageal tumor, most 
probably carcinoma. Histologically the biopsies were the same as those of the first 
examination. 

After considerable discussion, it was agreed that the patient should have a thora- 
cotomy and esophageal resection for the following reasons: (1) a somewhat chronic history 
of slowly progressive esophageal obstruction in an otherwise healthy individual, (2) the 
possibility of an associated underlying neoplasm despite the negative biopsies and long history, 
(3) a desire to comply with the patient’s wishes for surgical relief of his troublesome 
dysphagia. On March 31, 1958, thoracotomy was performed through the bed of the left 
seventh rib. Upon opening the mediastinal pleura, the hiatal hernia with a secondarily 
shortened esophagus was readily apparent. The esophagus appeared to be entirely normal 
on inspection. Palpation revealed a localized area approximately 3 cm. proximal to the 
esophagogastrie junction that felt soft and thickened as compared with the rest of the 
esophagus. According to the preoperative plan, the esophagus over this area was opened 
longitudinally for a distance of 5 to 6 em. The mucosa of the esophagus appeared to be rormal 
but a small, sessile, smoothly lobulated lesion, slightly over 1 em. size, was visible on the 
left posterolateral wall of the esophagus (Fig. 2). The sites of previous esophagoscopic 
biopsies were seen adjacent to this growth. There was no gross evidence of esophagitis, 
mucosal hyperplasia with fissuring, or carcinoma. Distally, a definite stenosis was noted at 
the esophagogastrie junction that barely admitted the tip of the operator’s fifth finger. After 
considerable discussion, the esophagus, approximately 5 cm. proximal to the papillary growth, 
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Fig. 1.—A and B, Chest roentgenograms showing hiatal hernia with stenosis of the distal 
esophagus (see text). 
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Fig. 2.—Photograph made at time of thoracotomy looking into the distal esophagus widely 
opened isaush a longitudinal incision. Arrows point to papilloma. Sites of earlier esopha- 
goscopic biopsies are visible in adjacent area. Stenosed distal esophagus (cardioesophageal 
junction) is seen to reader’s left; proximal esophageal lumen to the right (see text). 


Ye 


Fig. 3.—Photomicrograph of esophageal papilloma showing lobulated projections covered 
by well-differentiated squamous epithelium. There is a central core of fibrovascular tissue 
(see text further). (X20; reduced %.) 
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and the stomach, distal to the site of stenosis, were resected. Gastroesophageal continuity 
was established by anastomosis of stomach to esophagus. A pyloroplasty was performed be- 
cause of the vagectomy coincident with the esophageal transection. On gross inspection the 
surgical team could not be absolutely certain that malignant change did not exist in the base 
of this tumor. The patient’s postoperative course was essentially uneventful and when last 
seen, 3 months following surgery, he was active and asymptomatic. 


The pathology report* was as follows: 


The external surface of the surgically resected esophagus was not remark- 
able. On the mucosal surface, however, a soft papillary nodule with a broad 
base was noted. It measured approximately 0.8 em. in diameter and projected 
about 0.3 em. into the lumen. In close proximity to the papillary lesion a 0.4 
em, ulcer probably representing the site of a previous biopsy could be seen. 


Microscopie study on the sections revealed a papillary lesion with vascu- 
lar fronds of connective tissue covered by well differentiated squamous epi- 
thelium. Parakeratosis and hyperkeratosis were present in the papillary pro- 
jection but not elsewhere. There was no evidence of invasion into the broad 
pedicle. The lamina propria showed minimal lymphocytic infiltration. 


These sections are interpreted as a papilloma of the esophagus because of 
the true formation of papillary projections rather than artifactial folds. There 
is no evidence of a virus etiology since no inclusion bodies were present in 
the epithelial cells. 


B. Papilloma-like Esophageal Lesions With Distal Malignancy (4 Cases) .— 


CASE 1.—J. D. (No. 66510), a 55-year-old white man, was admitted to the Roswell Park 
Memorial Institute on July 2, 1949, with the chief complaint of progressive dysphagia for 
3 months. There had been a 40-pound weight loss during this period, and occasional re- 
gurgitation and aspiration had been noted. Barium esophagogram revealed an obstructing 
lesion in the lower esophagus. On esophagoscopy, a firm, granular mass was found ob- 
structing the lumen, 36 em. from the upper incisor teeth. No mention was made -of 
esophagitis or mucosal hyperplasia. A biopsy was taken which was reported as showing 
papilloma of the esophagus. Because of the progressive obstruction, the patient had a 
thoracotomy performed. Carcinoma of the esophagus was found which was nonresectable 
because of local extension. A number of paraesophageal lymph nodes grossly involved 
with tumor were present. The patient died from his disease one month later and the 
diagnosis of carcinoma of the esophagus was confirmed on autopsy. No mention was 
made of any lesion resembling a papilloma in the proximal esophagus. 


1-4-4744 


Park Memorial Institute on March 28, 1949, with complaints of progressive dysphagia for 6 
months. During this time she had lost 30 pounds. The only fact of significance in her past 
history was that she had had a complete hysterectomy and bilateral salpingo-oophorectomy in 
1936 for a squamous-cell carcinoma of the uterine cervix. On physical examination there 
was a left vocal cord paralysis. Roentgenographic examination of the esophagus demon- 
strated an obstruction in the middle third of the esophagus thought to be due to carcinoma 
of the esophagus. Esophagoscopy revealed an esophageal obstruction, approximately 24 em. 
from the upper incisor teeth, with rather prominent rolled mucosal folds on the posterior 
esophageal wall. This area was biopsied. The histologic examination was reported to be 
papilloma of the esophagus with marked thickening at the squamous epithelium and some 
cornification of the superficial cells. A repeat esophagoscopy one month later showed a 
similar obstruction by a mammillated mass on the posterior left lateral esophageal wall. A 
biopsy at this time was reported as showing thickened squamous epithelium and smears were 
negative for tumor cells. Because of the patient’s poor general condition, no surgery was 
attempted and after a short course of radiation therapy she died. Unfortunately, no autopsy 


*Reviewed by Dr. John Pickren, Chief of the Department of Pathology, Roswell Park 
Memorial Institute. 
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was obtained but a presumptive diagnosis of primary carcinoma of the esophagus was made. 
The possibility that this obstructing neoplasm represented a uterine metastasis remains but 
seems rather unlikely. 

CASE 3.—B. C. (No. 73711), a 68-year-old white woman, was admitted to the Roswell 
Park Memorial Institute on Dec. 12, 1951, because of progressive dysphagia and regurgi- 
tation of 7 months’ duration. During this period she had lost 32 pounds. Roentgeno- 
graphic examination of the esophagus showed an irregular narrowing of the distal 
esophagus. At esophagoscopy, a raised, mammillated, ulcerated lesion in the left antero- 
lateral esophageal wall was encountered, 37 em. from the upper incisor teeth. This was 
biopsied and reported to be a papilloma of the esophagus. At thoracotomy, an extensive 
carcinoma involving the lower esophagus and gastric cardia was found with metastases 
to the liver and celiac axis. The patient died of her disease several months later with- 
out an autopsy being performed, 

Case 4.—A. H. (No. 73761), a 73-year-old white man, was admitted to the Roswell 
Park Memorial Institute on Dec. 19, 1951, complaining of progressive dysphagia for 3 
months with a 7-pound weight loss. Radiographic examination of the esophagus showed 
an irregular narrowing in its middle third. Esophagoscopy revealed an obstructing, ulcer- 
ated, friable lesion in the right lateral wall at a level 25 em. from the upper incisor 
teeth. The lesion was biopsied and reported to be a papilloma of the esophagus. Esopha- 
goscopy was repeated 3 weeks later with similar gross findings. This time the lesion was 
deseribed as a gray, glistening, papillary lesion obstructing the lumen and a biopsy was 
reported as showing papillary hyperplasia. The patient was then subjected to exploratory 
thoracotomy and an advanced carcinoma of the esophagus was found and resected. A 
plastic tube was used to re-establish gastroesophageal continuity. Histologic section 
showed squamous-cell carcinoma of the esophagus. No mention was made of papilloma 
or esophagitis proximal to this area. 

Comment: Based upon histologic examination of the esophagoseopy biop- 
sies, the last 4 cases were originally diagnosed as papilloma of the esophagus. 
Unfortunately, a detailed description of the gross appearance of the lesion was 
not always recorded in the esophagoscopy reports. In all 4 cases there was eso- 
phageal obstruction due to malignaney. After re-examining the original histo- 
logie sections and reviewing the clinical data, it is apparent that the mucosal 
lesions were areas of mucosal hyperplasia and papillary folding rather than true 
esophageal papillomas. This will be discussed further. 


DISCUSSION 


Perhaps a discussion of this subject should begin with a definition of the 
term papilloma of the esophagus. Here one encounters what is possibly the 
basie difficulty in understanding and classifying the condition because the term 
papilloma has been loosely attached to a number of closely related esophageal 
lesions. There often appears to be no uniformly clear line of division between 
a papilloma and a small sessile polyp, although a distinction may easily be made 
from the larger pedunculated adenomatous polyp. Localized areas of epithelial 
hyperplasia and granulomatous proliferation have also been referred to as papil- 
lomas. The issue becomes even more clouded in publications describing sessile 
intraluminal growths of the esophagus by the random use of such adjectives 
as papillary, polypoid, and wart-like. 
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There is no apparent reason why papillomas could not oceur in the human 
esophagus. The growth would be primarily of mucosal origin with a covering 
of squamous mucosa and a fibrovascular core derived from the underlying sub- 
mucosa. It would appear as a sessile lobulated bud of variable size, somewhat 
similar to papillomas of the skin. The tumor should be differentiated from 
closely related lesions, such as localized areas of hyperkeratosis, acanthosis, and 
leukoplakia as well as sessile polyps. 

With closer attention to the over-all gross appearance of the lesion and 
adjacent esophagus as well as to its histologic appearance, there may be less 
confusion in applying the proper terminology in the future. Certainly, the 
pathologist who examines either the piece of the tissue snipped free at esopha- 
goscopy or else the postmortem esophagus with a partially digested, autolytic 
mucous membrane, is in a disadvantageous position to appreciate superficial 
intraluminal pathology. 

Opinions concerning papilloma of the human esophagus have varied in re- 
cent years. Totten, Stout, and co-authors,’* in discussing benign tumors and 
cysts of the esophagus, concluded that, “No instance of true papilloma, that is, 
warty epithelial growth, was encountered in human beings.” Again in 1957 
Stout’? expressed a view that the cases reported as papilloma of the esophagus 
were not like lesions called papillomas in other parts of the body. He thought 
that the only lesions that could properly be called papilloma of the esophagus 
were the coral-like lesions consisting of central cords of fibrous tissue covered 
by stratified squamous mucosa which may be seen in the esophagus of cattle and 
swine. In these animals, a virus has been suggested as a possible etiologic agent. 
Palmer* considered esophageal papillomas as areas of localized epithelial hyper- 
plasia, and he used the term epithelioma interchangeably with papilloma. The 
use of the term epithelioma is open to question because to some it carries a con- 
notation of malignancy. In a general review of papillomas throughout the body, 
Wakeley' recently defined papilloma as ‘‘a branching or lobulated benign tu- 
mour derived from epithelium. This definition excludes inflammatory lesions, 
warts, and polypi.” In discussing papillomas of the alimentary tract, he dis- 
missed papilloma of the esophagus with the following sentence, “Papilloma of 
the esophagus is extremely rare.” From such varying opinions one might con- 
clude that not only is the nature of papilloma of the human esophagus unsettled, 
but also that there is still a question as to whether such a condition actually 
exists. 

The case reported in this paper would appear to meet the necessary criteria 
to be ealled papilloma of the human esophagus. This opinion was reached only 
after careful consideration of its gross and microscopic appearance. It was a 
benign, sessile, lobulated tumor covered by squamous mucosa with a fibrous core. 
There was no evidence of mucosal folding, granulomatous proliferation, or 
leukoplakia. 

In reviewing the cases reported as papilloma of the esophagus in the litera- 
ture as. well as our clinical material, certain common features were noted. 
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Essentially all were located in the distal esophagus, an area that is normally 
narrowed and one that may be subjected to the irritating effects of trauma, 
gastric reflux, and esophageal stasis. In all cases there was an esophageal 
obstruction or narrowing to a variable degree distal to the papillomatous 
lesions except one in which there was no x-ray study and the presence of 
esophageal narrowing was not mentioned. Thorough analysis of the reported 
cases was frustrated by the incomplete clinical and pathologie descriptions. 
Study of the esophagoscopie notes and other available information, however, 
suggests that many of these lesions were probably the result of inflammatory 
processes, irritation, or trauma with subsequent folded areas of mucosal hy- 
perplasia and granulomatous masses. The case commonly cited by Jackson* 
as papilloma and originating in the upper esophagus with a long narrow 
pedicle was really a pedunculated fibroma and should not be considered a 
papilloma of the esophagus. The pathologie report was ‘‘Fibroma papillare.’’ 

The esophageal papilloma reported in this paper was associated with a 
hiatal hernia and stricture of the distal esophagus, presumably from esopha- 
gitis and searring. To our knowledge, hiatal hernia has not been noted pre- 
viously in the literature on esophageal papilloma, but at the time when the 
earlier cases were reported hiatal hernia was the subject of little attention 
and could have escaped detection. Like the other cases of papilloma, in ours 
there was distal esophageal narrowing which could have led to stagnation, 
mucosal irritation, and esophagitis. One can only speculate as to what. effect 


the products of stagnant decomposing foods had in the genesis of this growth. 


Gastroesophageal reflux, so common with hiatal hernia, can produce a 
recurring form of esophagitis. Whether this is a major factor in the forma- 
tion of papilloma of the esophagus remains conjectural. Palmer*® feels that 
epithelial irritation is evident as the cause of most esophageal papillomas. 
In fact, he speaks of processes that lead to losses of epithelium which in 
turn result in hyperplasia of the remaining islets of cells. This condition 
is not truly analogous to the pseudopolyps seen with ulcerative colitis as 
has been suggested. The ulcers of reflux esophagitis involving squamous 
mucosa tend to remain shallow and are characterized by healing with recur- 
renees. Stout’? believes that lesions called esophageal papilloma in man are 
the result of inflammatory processes in which the esophageal lining has been 
thrown up into papillary folds. These papillary folds and granular areas 
could be mistakenly called papilloma by the pathologist who examines only 
the piece snipped off by esophagoscopie biopsy. The 4 cases diagnosed as 
papilloma from the esophagoscopie biopsy at this Institute in 1949 and 1951 
were all found to be actually areas of epithelial hyperplasia with some papil- 
lary folding when re-examined in the light of current knowledge. 

It becomes evident that the diagnosis of papilloma of the human esophagus 
is not easily made. To the radiologist observing the barium swallow or to the 
surgeon palpating the outside of an intact esophagus, a papilloma may remain 
unnoticed. Pathologists have mistakenly made a diagnosis of papilloma on 
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the basis of an esophagoscopic biopsy. The experienced esophagoscopist, 
however, is in a position to help clarify any histologic misinterpretation by 
carefully describing the gross appearance of the tumor and noting any asso- 
ciated areas of fissuring, mucosal hyperplasia, leukoplakia, and esophagitis. 
A definite diagnosis of papilloma should only be made, however, when the 
surgically resected esophagus or fresh postmortem esophagus containing the 
tumor is earefully examined grossly and histologically. 

The significance of papilloma of the esophagus remains unsettled. Of 
first importance is the danger that a diagnosis of papilloma based on esopha- 
goscopic biopsy may divert attention from a more distal esophageal lesion 
that may be an unsuspected carcinoma. The papilloma itself has been con- 
sidered to be a benign tumor that needs attention in only the rare case when 
it causes symptoms. Some, such as Palmer® and Wakeley,* consider this type 
of epithelial tumor to be a premalignant lesion. Terracol and Sweet?* com- 
ment that malignancy resulting from an esophageal papilloma has been re- 
ferred to as adeno-acanthoma. At this time one can only conclude that it is 
questionable whether this type of papilloma has any malignant potential. 

It is beyond the scope of this paper to consider in great detail the histo- 
logic differentiation between papilloma and lesions with which it has been 
confused. Papilloma should not be confused with granulomatous prolifera- 
tions and sessile glandular polyps. A papilloma may be readily differentiated 
from leukoplakia with its features of hyperkeratosis and epithelial atypism. 
Nevertheless, one cannot be absolutely certain that esophageal papilloma does 
not represent merely an advanced stage of localized epithelial hyperplasia or 
mucosal proliferation. The dividing lines between certain of these proliferat- 
ing mucosal lesions may be vague in some cases and absolute definitions 
demand, at best, complete gross and histologic examination of the growth and 
the adjacent esophagus. 


SUMMARY 


Papilloma of the esophagus is an unsettled subject and one about which 
no unanimity of opinion exists. It is curious that interest in the subject has 
dropped in recent years despite the advances in esophagoscopy and thoracic 
surgery. Papilloma of the esophagus has been especially confused with 
localized areas of epithelial folding and mucosal hyperplasia. Granulomatous 
proliferations, leukoplakia, and sessile polyps should be more readily differ- 
entiated from papilloma. Complete gross and histologic examination of the 
resected esophagus and tumor may be necessary, however, before a definitive 
diagnosis may be reached. 

A ease of papilloma of the esophagus is reported. There was an associ- 
ated hiatal hernia and stricture distal to the papilloma. The distal esophagus 
containing the tumor was resected. Four other cases originally diagnosed as 
papilloma of the esophagus on the basis of esophagoscopic biopsy are briefly 
described. This diagnosis was later shown to be incorrect. In these cases 
the papillomatous areas were encountered proximal to malignancies. Of 
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interest was the observation that practically all cases of papillomas of the 
esophagus, here and in the literature, occurred in the distal esophagus proximal 
to an obstructing esophageal lesion. 

Certain impressions gathered from this review are discussed. Absolute 
conclusions concerning the nature of papilloma of the human esophagus ecan- 
not be reached at this time, but variances in opinion are cited along with the 
findings in our clinical material. Perhaps as more attention is directed to 
the lower esophagus by clinicians and pathologists, the true nature of papil- 
loma and related sessile mucosal lesions may become better understood. 
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TRANSIENT PARADOXICAL MOVEMENT OF THE DIAPHRAGM 


Raymond A. Gagliardi, M.D., Howard H. Feigelson, M.D., and 
Arthur S. Shufro, M.D., Detroit, Mich. 


imei motion of the diaphragm following phrenicotomy or on the basis 
of malignant involvement of the mediastinum is a well known and familiar 
entity. The fact that paradoxical motion of the diaphragm ean occur in the 
presence of nonmalignant pulmonary disease or without direct phrenic involve- 
ment is less well known. In view of this latter observation, it is felt justified 
to review the literature regarding this phenomenon and to consider the possi- 
bility of unilateral diaphragmatic paralysis occurring secondary to inflammatory 
disease of the lung. 

In 1898, only 3 years after the discovery of the roentgen ray, Kienbock' 
described a case of hydropneumothorax in which the air-fluid level was noted 
to descend on expiration and to ascend on inspiration. He first coined the 
phrase ‘‘ paradoxical movement of the diaphragm”’ and this change has become 
known as Kienbock’s phenomenon. When first observed it was erroneously felt 
that the change was on the basis of the weight of the fluid in the pneumothorax 
cavity. Since that time, multiple causes have been implicated. The commonest 
eause of unilateral paralysis of the diaphragm is phrenicotomy or phrenic crush. 
Any other involvement of the phrenic nerve or its centers in the cervical spinal 
cord ean produce the same phenomenon. Poliomyelitis with involvement of the 
anterior horn cells of the fourth cervical segment and injuries to the cervical 
cord are possible causes of central paralysis affecting the diaphragm. Involve- 
ment of the hilum of the lung by neoplasm with infiltration of the phrenic nerve 
is perhaps the commonest cause of diaphragmatic paralysis in which the pe- 
ripheral portion of the phrenic nerve is involved. Cases have been described in 
which paralysis of the diaphragm developed during the course of pulmonary 
tuberculosis, apparently secondary to involvement of the phrenic nerve by sear 
tissue. A single case of diaphragmatic paralysis secondary to involvement of 
the phrenic nerve by an adjacent aortic aneurysm has also been described.? In 
all these cases, however, a true paralysis of the diaphragm, which is irreversible, 
was not present. 

In 1929, Bonorino and Vadone* performed an exhaustive study to deter- 
mine the mechanism of the Kienbock phenomenon. Their work showed that 
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paradoxical motion of the diaphragm may occur in the absence of direct in- 
volvement of the phrenic nerve. They noted that in the presence of pneumo- 
thorax, when the intrapleural pressure at expiration was negative, the motion 
of the diaphragm was always normal. As the intrapleural pressure was in- 
creased from negative to positive there was a gradual change in the motion of 
the diaphragm which became paradoxical when the intrapleural pressure be- 
came positive. They further demonstrated that when the intrapleural pressure 
was at zero or only slightly above, there was normal diaphragmatic motion with 
the patient standing erect but the motion became paradoxical when the patient 
would lie on the side of pneumothorax. This work has been confirmed many 
times and is a simple method to determine whether or not a positive pressure 
pneumothorax exists.° It also demonstrates, unequivocally, that paradoxical 
motion of the diaphragm may occur without involvement of the phrenic nerve. 

Upward displacement of the diaphragm in pneumonia was reported by Wu 
in 1932,* who felt that this was due to diaphragmatic failure to descend during 
deep inspiration secondary to loss of expansibility of the consolidated portion 
of the lung. This finding was further pursued by Friedman? in 1950, who 
followed, with fluoroscopy, a group of patients with pneumonia who also had 
elevated diaphragms. He reports 6 well-studied cases of unilateral paralysis of 
the diaphragm which occurred in association with pneumonia. These paralyses 
all occurred on the same side as the pneumonia. In one of these eases there was 
concomitant vocal cord paralysis. He describes the onset of paralysis as oc- 
curring coincidentally with the pneumonia in 2 of the eases, but in the remain- 
ing 4 there was a latent period of over 5 weeks between the onset of the pneu- 
monia and the appearance of the paradoxical motion of the diaphragm. Pa- 
ralysis lasted from 7 weeks to 10 months and in one ease was apparently perma- 
nent. It was his feeling that the paradoxical motion of the diaphragm was 
secondary to paralysis of the phrenic nerve because of a toxie or inflammatory 
neuritis. On the basis of this work by Friedman, we present a recent ease of 
pneumonia with paralysis of the diaphragm which was completely studied and 
carefully followed. This represents an additional case of paralysis of the dia- 
phragm following a pneumonia to be added to the 6 eases of Friedman, which 
are the only eases of this type we have been able to find in the literature. 


CASE REPORT 


H. S. (case reported through the courtesy of Dr. Aubrey Goldman), a 44-year-old white 
man, was admitted to the Sinai Hospital of Detroit on Sept. 28, 1957. The patient had been 
well until 4 weeks before admission when he felt fatigue and malaise. One week later he 
complained of continued malaise and was seen by his physician who found rales at the base 
of the left lung and a temperature of 102° F. Roentgenograms at that time showed left 
lower lobe pneumonia with elevation of the left diaphragm (Figs. 1 and 2). One week later, 
repeat roentgenograms showed clearing of the pneumonia, and fluoroscopy demonstrated para- 
doxical motion of the left diaphragm, accentuated by sniffing. Since the onset of his illness, 
he had lost 7 pounds in weight. He was admitted to the hospital for further evaluation. 
Repeat fluoroscopy on admission again demonstrated the paralysis of the left diaphragm. 
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Fig. 2.—Elevation of left hemidiaphragm with adjacent left lower lobe pneumonia. 
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Significant in his past history was a bilateral dorsolumbar sympathectomy done 7 years 
earlier for hypertension. At that time, both roentgenograms and fluoroscopy of the chest 
were reported as normal. There had been no other chest x-ray studies in the intervening 
years. 

Planigrams of the chest were normal. Bronchoscopy on Oct. 2, 1957, showed probable 
compression of the left main bronchus by an extrinsic tumor. On October 4, bilateral scalene 
node biopsy was done demonstrating only sinusoidal hyperplasia. On Oct. 8, 1957, a repeat 
bronchoscopy was done by a different observer who also reported an extrinsic deformity of the 
left main bronchus. Bronchial washings from both bronchoscopic examinations were negative. 
Biopsy of the left main bronchus showed chronic bronchitis with no evidence of malignancy. 
On Oct. 15, 1957, an exploratory thoracotomy was performed. Careful exploration of the 
mediastinum and hilum revealed no tumor with no anatomic reason for phrenic paralysis. 
Aside from transient urinary retention, the postoperative course was uneventful. Repeat 
fluoroscopic examination on October 23 still showed some diaphragmatic elevation but the 
motion was normal. The return to normal was 8 weeks after the onset of the disease or 7 
weeks after the diaphragmatic abnormality was first detected. 


DISCUSSION 


It is possible that unilateral paralysis of the diaphragm occurs more fre- 
quently than generally suspected since most cases of pneumonia are examined 
without the aid of fluoroscopy. The physical signs of diaphragmatic paralysis 
are easily missed or overshadowed by adjacent changes, especially in the pres- 
ence of pulmonary inflammatory disease. The diagnosis of paralysis of the 
diaphragm is made on the basis of elevation of the diaphragm as well as para- 
doxical movement at fluoroscopy. If the patient is asked to sniff sharply, the 


paradoxical motion is accentuated. 

Elevation of the diaphragm may be due to subdiaphragmatic disease such 
as a subphrenie abscess with mechanical upward displacement of the diaphragm. 
It may also oceur in the presence of severe chest pain or pleural pain or, in 
pneumonia, due to the loss of expansion as described by Wu. It may also occur 
as previously deseribed in the presence of a high positive pressure pneumo- 
thorax during inspiration. Eventration of the diaphragm may also demon- 
strate paradoxical motion but this is not a reversible process. In the ease de- 
seribed, careful fluoroscopic observation was felt to rule out the possibility of a 
subphrenic abscess as well as limitation of motion due to chest pain. There was 
no evidence of pneumothorax, and the previous history of fluoroscopy by a 
competent observer ruled out the possibility of an eventration of the diaphragm. 
The diagnosis, therefore, lay between involvement of the phrenic nerve by an 
oceult carcinoma or changes secondary to pneumonia. 

The physical reasons for the occurrence of paradoxical motion of the dia- 
phragm in the absence of definitely demonstrable mechanical involvement of 
the phrenic nerve are not clear. This is especially true since the problem of 
thoracic dynamics is a complicated one with many interlocking factors. We may 
note, however, the mutual dependence between the muscular action of the dia- 
phragm and the elastic action of the lung. The contracting diaphragm at in- 
spiration distends the lung and on expiration, when the diaphragm is relaxed, 
the force of the lung’s elastic retraction causes the diaphragm to rise. It would 
appear that any interference in the action of the elastic force of the lung would 
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modify the mechanical relationship between the diaphragm and the lung. This 
suggests a possible mechanical explanation to supplement the implication of 
toxie involvement of the phrenic nerve in intrathoracic pulmonary disease. We 
feel that this condition may be relatively common. Since paralysis of the dia- 
phragm is apparently delayed and may not occur until after the pulmonary 
findings have completely cleared and because paralysis of the diaphragm is 
asymptomatie, it may not be investigated. It is our plan to follow future cases 
of pneumonia with fluoroscopy for a better evaluation of the problem of delayed 
diaphragmatic paralysis. 


SUMMARY 


A brief review of the literature is presented regarding the multiple possible 
explanations for paradoxical motion of the diaphragm. 

A ease is presented in detail in which paralysis of the diaphragm occurred 
concomitantly with pneumonia and which subsided after a period of 8 weeks. 
The possibility of inflammatory involvement of the phrenic nerve as a cause of 
diaphragmatic paralysis is suggested. 
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LEIOMYOMA OF THE DIAPHRAGM 


Jesse H. Meredith, M.D.,* and H. H. Bradshaw, M.D., 
Winston-Salem, N. C. 


umors of the diaphragm are rare. Reviews and collections of cases in the 

literature have been made by Clagett and Johnson’ in 1949, and Samson 
and Childress? in 1950. The total number reported was thirty-five. Since then 
there have been scattered reports of these lesions,*'* which makes a total of 
forty-two. One half were malignant and only one was of smooth muscle 
origin, a leiomyosarcoma.’ This report is submitted to re-emphasize the use 
of pneumoperitoneum as a convenient diagnostic aid to roentgenography in 
the study of these shadows, and to draw attention to the incidence of ma- 
lignancy in tumors of the diaphragm. 


CASE REPORT 


A 57-year-old woman was admitted to the North Carolina Baptist Hospital on Sept. 
22, 1955, because of a progressively enlarging shadow in the left lower portion of the 
chest. Two previous annual films were interpreted as representing elevation of the 
diaphragm. She was entirely asymptomatic and review of the other systems showed no 
abnormality. There were dullness and absence of breath sounds in the left lower chest, 
the diaphragm descended on inspiration. Posteroanterior and lateral chest films (Fig. 
1) showed the shadow above the diaphragm. A 1,500 ¢.c. pneumoperitoneum, given in 
500 ¢.c. stages, demonstrated a normal contour of the inferior surface of the diaphragm 
(Fig. 2), above which there was a mass that could not be differentiated from the dia- 
phragm. The usual laboratory studies were normal. 

On September 27, through the bed of the left eighth rib, the thorax was explored 
and a 17 by 14 by 18 cm. mass was found in the lower portion of the chest (Fig. 3). It 
arose from the diaphragm by a 6 cm. area and was adherent to the inferior surface of 
the lung. The major portion of the blood supply to the tumor came from a large vessel 
that arose from the abdominal side of the diaphragm. The tumor was resected along with 
a 2 em. full thickness margin of apparently normal diaphragm. The defect was easily 
closed with interrupted sutures of silk. The pathologist’s diagnosis was “leiomyoma of 
the diaphragm.” There was no evidence of malignancy (Fig. 4). The postoperative course 
was uneventful; she was discharged on the eighth postoperative day and has been ob- 
served for 3 years without evidence of recurrence. 


DISCUSSION 


Tumors of the diaphragm are usually asymptomatic and discovered as 
incidental findings on roentgenograms of the chest. Of the few that have 
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A. B. 
Fig. 1.—A. Posteroanterior film of the chest. Apparent elevation of the left hemidia- 
phragm is shown. 


B, The apparent elevation is also present. The tumor is seen to not extend anteriorly 
as far as is expected of the diaphragm. 


er 
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Fig. 2,—A, Posterolateral view with pneumoperitoneum demonstrating the tumor well. 
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Fig. 2.—Cont’d. B, Lateral view with pneumoperitoneum. The mass below the dia- 
phragm is the spleen. 

C, Anteroposterior view with the patient on the right side and made with horizontal beam 
in the presence of pneumoperitoneum. 
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Fig. 3.—Photograph of the leiomyoma. The left view is of a surface and the right of a cen- 
tral section. The pedicle is easily seen. 
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Fig. 4.—Photomicrograph of the leiomyoma. 
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caused symptoms, the most common complaints are those of pulmonary dys- 
function due to displacement of the lung by large lesions.* The lesion in point 
was large but asymptomatic. A definite diagnosis is, of course, not possible 
until exploration of the chest and histologic studies are complete. Studies 
which define the lesion as one of the diaphragm should be attempted. In 
addition to the usual films of the chest, the most satisfactory procedures are 
fluoroscopy, pneumoperitoneum,! and pneumothorax. The former two were 
used in this case and by far the more information was gained from intra- 
peritoneal air. The value of pneumothorax may be limited by adhesions to 
the inferior surface of the lung. Early treatment by resection is the treatment 
of choice and is usually easily accomplished. Closure of the defect can be 
enhanced by preoperative pneumoperitoneum and/or crushing of the phrenic 
nerve.® The fact that one half of the tumors of the diaphragm are malignant 
should be kept in mind when a tumor in this area is encountered and a wide 
margin of apparently normal tissue removed with it. 


SUMMARY 


A leiomyoma of the diaphragm was discovered accidentally during a 
chest film survey. It was resected without difficulty. The need of early 
diagnosis and treatment of mass lesions of the diaphragm is stressed. The 
value of pneumoperitoneum both as an aid to diagnosis and to closure of the 
defect following resection is re-emphasized. 


ADDENDUM 


Six months after submission of this manuscript for publication, roentgenograms of 
the chest revealed a lesion of the right upper lobe. This lesion has been resected and is a 
‘‘spindle cell malignant tumor.’’ It is the opinion of the pathologist and the authors that 
this is a metastasis from the previously reported lesion. 
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THE VALUE OF BRONCHOSCOPY IN DETERMINING THE 
INOPERABILITY OF CARCINOMA OF THE LUNG 


Edward B. Benedict, M.D.,* Boston, Mass. 


 Seeenanend is well recognized as an important procedure in the diagnosis 
of cancer of the lung because it frequently leads to a positive biopsy and to 
the aspiration of secretions for cytologic study. Bronchoscopy is less well 
established but of almost equal importance because of the information it may 
give regarding the chance of successful resection of the tumor. Over and over 
again the question arises as to whether or not a bronchogenic carcinoma can be 
surgically removed. Unfortunately, most patients with cancer of the lung are 
incurable when first seen. However, the primary tumor may still be resectable 
and the patient benefited by such palliative resection. If all the evidence sug- 
gests that a tumor cannot be resected, exploratory thoracotomy can be avoided. 
Many factors enter into the decision, including age and general condition of 
the patient, x-ray studies, angiocardiography? and last, but not least, the 
bronchoscopic findings. 


BRONCHOSCOPIC FINDINGS WHICH USUALLY MEAN INOPERABILITY 


It should be emphasized that a physician or surgeon who does only an oc- 
easional bronchoscopy is not competent to evaluate the sometimes difficult as- 
pects of bronchoscopic interpretation. Much experience is necessary. The 
following points are of special importance. 


Location of Tumor.—lIf the lesion involves the trachea, the chance of sue- 
cessful resection is small. 

Carina.—Widening and fixation of the carina usually mean that the tu- 
mor has invaded the mediastinal glands to such an extent that it cannot be re- 
moved. 

Fixation —If the bronchus is fixed in the region of the carcinoma, it often 
means peribronchial invasion of such a degree as to mean unresectability. 


Angulation.—Extrinsie pressure frequently causes abnormal angulation 
of the bronchus probably due to metastatic glands or local extension of the 
growth, making resectability unlikely. 
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Narrowing of the bronchus may mean infiltration of the bronchial wall 
by carcinoma or extrinsic pressure from local extension of the tumor or from 
metastatic glands. If this is accompanied by some fixation it may mean un- 
resectability. 

In reviewing a series of 3,247 bronechoscopies in the 12-year period, 1946- 
1957, I have found 147 eases of proved bronchogenic carcinoma which I thought 
were probably inoperable, by which I meant that the chances were against sat- 
isfactory surgical removal. One hundred and twenty of these patients were 
not explored. In spite of the bronchoscopist’s adverse opinion, 28 patients 
were subjected to exploratory thoracotomy and were found to be unresectable 
in 17 instances. In 8 others, the resection was of doubtful value. 


GROUP I. PATIENTS CONSIDERED PROBABLY -INOPERABLE BY BRONCHOSCOPY— 
NOT OPERATED UPON 


One hundred and twenty eases belong in this group. Some of these were 
obviously poor-risk patients from the point of view of age, general condition, 
and x-ray findings, but in many of them the additional evidence of probable 
inoperability by bronchoscopy was one of the most important factors in the de- 
cision against surgery. 


GROUP II. PATIENTS CONSIDERED PROBABLY INOPERABLE BY BRONCHOSCOPY, 
SUBSEQUENTLY EXPLORED AND FOUND TO BE UNRESECTABLE 


. 


Seventeen cases fall into this category and were found to be inoperable 
for various reasons as follows: ‘‘tumor surrounded pulmonary artery,’’ ‘‘very 
large malignaney surrounding the hilum and attached to pericardium,”’ 
‘*fixation and widespread involvement of lymph nodes,’’ ‘‘hilum full of large 
nodes, adherent mediastinum,’’ ‘‘sclerosing mass of carcinoma found in hilum.’’ 
For detailed comparison of bronchoscopic findings with surgical findings see 
Table I. 


GROUP III. PATIENTS CONSIDERED PROBABLY INOPERABLE BY BRONCHOSCOPY, 
SUBSEQUENTLY RESECTED WITH POOR RESULTS 


In eight of these cases, surgery was undertaken and pneumonectomy ae- 
complished in 6, lobectomy in 2. One of the pneumonectomy patients died 12 
days postoperatively of severe bronchitis with mucus plugs, bronchopneumonia, 
and hypertensive heart disease. One of the lobectomy patients was an asth- 
matie who tolerated surgery so_badly that pneumonectomy could not be per- 
formed, and an ‘‘adequate cancer operation could not be done.’’ This pa- 
tient died of recurrence 5 months after the operation. Three of the pneumonec- 
tomy patients died of recurrence 3, 5, and 8 months, respectively, after surgery. 
A third pneumonectomy patient looked badly and had no energy 7 months 
after surgery with large, probably recurrent, nodules in the sear. Of the 2 
patients who had the longest postoperative survival, one (lobectomy) died of 
recurrence in 1 year and 4 months, and the other (pneumonectomy) died of 
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TABLE I (Group II) 








~ REASON ‘*PROBABLY INOPERABLE’? BY 


BRONCHOSCOPY 


REASON INOPERABLE AT THORACOTOMY 





Cancer involving right upper lobe, right 
intermediate bronchus with extrinsic 
pressure on right side of trachea 


Case 1 


Cancer of left upper lobe, with narrow- 
ing, angulation, and fixation of left 
main bronchus 


Complete stenosis of right upper lobe, 
fixation in that area and evidence of 
extrinsic pressure 


Findings consistent with cancer of left 
main bronchus, close to carina, much 
fixation 


Case 


Bronchogenic cancer involving entire 
main bronchus and probably extend- 
ing as high as carina, probably in- 
operable because of location, fixation, 
and widening of mediastinum 


Cancer involving right upper lobe, lower 
end of trachea, right main bronchus 
and right intermediate bronchus, ex- 
trinsic pressure and fixation, almost 
certainly inoperable 


Carcinoma left main bronchus, very 
close to carina, probably invading me- 
diastinum and probably inoperable 


Cancer involving the left main and left 
lower lobe bronchi causing some fix- 
ation 


Widening, deviation, and fixation of 
sarina and mediastinum, narrowing of 
the right main bronchus and right in- 
termediate bronchus with fixation, nar- 
rowing and stenosis of the right upper 
lobe orifice, probably due to inoper- 
able carcinoma 


Cancer right main bronchus, right up- 
per lobe orifice, right intermediate 
bronchus, probable invasion of medi- 
astinum and peribronchial glands 


Left lower lobe bronchus markedly devi- 
ated as if from pressure on medi- 
astinal side 


-aralysis of vocal cord, cancer lower end 
of left wall of trachea 


Cancer lower end of trachea, right main 
bronchus and complete obstruction of 
right upper lobe orifice, some fixation 


Extrinsic pressure lower trachea and 
right main bronchus and right inter- 
mediate bronchus, some mediastinal 
widening 


Tumor surrounded pulmonary artery 


Very large malignancy adherent to chest 
wall, surrounding the hilum and at- 
tached to pericardium 


Because of fixation and widespread in- 
volvement of lymph nodes 


Hilum full of large nodes, adherent me- 
diastinum 


Sclerosing mass of cancer found in 
hilum with an outerop of the disease 
in fungating form in the pleural cav- 
ity, posteriorly 


Inoperable because of chest wall and me- 
diastinal invasion 


Inoperable, primary tumor arose in left 
upper lobe near the hilus and all 
lymph node bearing areas were ap- 
parently invaded by carcinoma 


Because it revealed a stony hard mass 
involving hilum 


Hard mass in the right upper lobe with 
extensive nodal involvement around 
the main bronchus in the subcarinal 
area and in the mediastinum extend- 
ing up almost to the base of the neck 


Extended to encompass right pulmonary 
artery and superior pulmonary vein 
and superior vena cava 


Fluid in chest, left lower lobe completely 
atelectatic, large mass with nodules 
extending around aorta in region of 
hilum 


Invasion by carcinoma too complex 


Large mass involving right upper and 
middle lobe invading superior vena 
cava 


Matted lymph nodes in hilus of lung sur- 
rounded upper lobe and extending 
across trachea, metastatic carcinoma 
wall of vena cava 
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REASON ‘‘ PROBABLY INOPERABLE’’ BY 
BRONCHOSCOPY 


REASON INOPERABLE AT THORACOTOMY 





Case 15 


Left main bronchus rather fixed on both 
sides apparently by a mass in the me- 
diastinum and a mass in the left up- 


Tumor left upper lobe invading arch of 
aorta at the region of the recurrent 
laryngeal nerve 


per lobe, marked angulation left up- 
per lobe, bronchus narrowed about 1 
em. inside the orfice 


Upper lobe completely solid and _ filled 
with tumor, lower lobe atelectatie, 
tumor overlay arch of aorta and was 
firmly in lobules around all of the 
structures of the hilum 


Cancer involving left main bronchus, 
much fixation and displacement 


Firm mass in region of the hilum of the 
lung and numerous enlarged obviously 
invaded lymph nodes extending up the 
mediastinum behind the superior vena 
cava to the apex of the chest 


Cancer of the right main bronchus close 
to the carina 





recurrence in 1 year and 10 months. Obviously these results are not good and 


may indicate no greater palliation or survival period than might have been 
obtained by x-ray treatment, nitrogen mustard, or even no treatment at all. 


GROUP IV. PATIENTS CONSIDERED PROBABLY INOPERABLE BY BRONCHOSCOPY, 
SUBSEQUENTLY RESECTED WITH GOOD RESULTS 


Two cases fall into this category and represent bronchoscopic misinterpre- 
tation. One of these occurred early in the series (1946) in a patient thought to 
be probably inoperable because of angulation and fixation of the left main 
bronchus with paralyzed right vocal cord. Fortunately, in this patient, the 
radiologist had reported only a ‘‘collapse of the anterior inferior segment of 
the left upper lobe probably due to bronchogenic carcinoma.’’ At the time of 
surgery by Dr. R. H. Sweet, a left pneumonectomy was accomplished and the 
patient is alive and well now, 12 years later. This bronchoscopic error was 
explained at operation as being due to severe acute pneumonitis with a large 
number of enlarged lvmph glands at the left hilum. The recurrent laryngeal 
nerve was not involved. The pathologic report was epidermoid carcinoma 
grade 3, chronic pneumonitis, regional nodes negative for carcinoma. 

The other patient, alive and well 7 years after pneumonectomy by Dr. Gordon 
Seannell, represents a mistaken evaluation by bronchoscopy, where, because 
of marked angulation, narrowing, and fixation, I thought the tumor was— 
‘‘probably invading the mediastinum. My impression is that it is probably 
inoperable. If surgery is to be attempted, I believe pneumonectomy would be 
necessary.’’ The x-ray interpretation was ‘‘primary bronchogenic tumor of 
the left upper lobe; enlargement of at least nodes in the left lung root.’’ The 
surgical consultant made the following excellent evaluation, ‘‘Both the x-ray 
studies and bronchoscopy report are unfavorable as regards operability. Both 
of these methods of evaluation, however, are not 100% reliable in this regard 
because superimposed infection may contribute to the observed changes. For 
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these reasons and because alternative methods of treatment offer so little I would 
not consider this lesion inoperable without a thoracotomy.’’ The assistant 
resident also noted, ‘‘this man is so ‘well’ and in such good eondition generally 
that he should have every possible opportunity for definitive surgery.’’ At the 
operation a ‘‘large nodular tumor was encountered in the medial aspect of the 
left upper lobe involving the pulmonary artery close to its emergence from 
the mediastinum. Therefore, an intrapericardial approach was used and the 
left pulmonary artery, left superior pulmonary vein and inferior pulmonary 
vein secured without difficulty at this level. ... Excellent exposure was obtained 
throughout, and it was unlikely that a resection could have been done unless 
this were done intrapericardially, but at this level the exposure and the ease of 
access were entirely satisfactory.’’ 


DISCUSSION 


The physician or surgeon who is treating cancer of the lung would like to 
know as certainly as possible whether or not it is worth while to offer his pa- 
tient exploratory thoracotomy. Many factors are involved in the decision, in- 
cluding the patient’s age and general condition, the x-ray appearance of the 
tumor, the patient’s willingness to undergo major surgery, and sometimes the 
angiocardiographie findings. Very often the surgeon expects no more than 
palliation even from a pneumonectomy. Definite help can be obtained from 
bronchoscopy. In 120 out of the 147 cases in this series (81.6 per cent), the 
bronchoscopic study plus the physical and x-ray findings were so unfavorable 
that surgery was not done. In 17 other eases (11.6 per cent), the bronchoscopic 
report was unfavorable but exploratory thoracotomy was performed anyway 
and the tumor proved to be unresectable. In 8 cases (5.5 per cent), resection 
was possible in spite of the unfavorable bronchoscopic report; however, the 
surgical result was poor both as regards palliation and length of survival. In 
the remaining 2 eases (1.4 per cent), the bronchoscopist’s judgment was in- 
correct and the tumor was resected with a very good result. 


CONCLUSIONS 


In experienced hands, bronchoscopic evaluation of the extent of bron- 
echogenic carcinoma and its probable inoperability is very important. 

In this series of 147 cases, the bronchoscopic accuracy, as regards inopera- 
bility, was 98.6 per cent. 
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A SIMPLE METHOD FOR THE INDUCTION OF TOPICAL 
LARYNGO-TRACHEO-BRONCHIAL ANESTHESIA 


Thomas E. Starzl, M.D., and Edward P. Cruzat, M.D., Chicago, Ill. 


, the past we have performed diagnostic bronchoscopy on a group of para- 
plegie patients in whom the induction of topical anesthesia in the usual 
way was difficult. For these patients, a method of applying local anesthesia 
was developed which was so effective and simple that it has become our pre- 
ferred technique in the preparation of all adult patients for endoscopy or 
bronchography. Anesthetization can be done very quickly and effectively. 
This method has been used approximately 150 times with no major or minor 
complications. 


METHOD 


The patient may be either lying or sitting. A No. 12 or 14 plastie catheter 
is passed into the trachea by the nasotracheal route in the same way as if 
nasotracheal suction were to be carried out. No difficulty will be encountered 
in passing the catheter if it is advanced slowly until the tip lies just above the 
glottis as judged by the passage of air through the catheter with each respira- 
tion. The tip is then quickly passed into the upper trachea when the patient 
coughs or takes a deep breath (Fig. 1, A). At this time some patients will 
have paroxysmal coughing so that it is necessary to have the local anesthetic 
ready for immediate instillation. A syringe is attached to the catheter, and 
3 to 5 «ec. of 5 per cent cocaine is injected slowly over a 5-minute period, 
taking care that the plunger is firmly held (Fig. 1, A) to prevent its expulsion 
from the syringe barrel. When the first portion of the cocaine is injected, 
coughing is induced but the cough reflex is rapidly obtunded after the first 
1.0 ¢.c. or so of cocaine has been instilled. 

If bronchograms are to be obtained, the catheter is placed in position 
under fluoroscopy. If bronchoscopy is the objective, the catheter is with- 
drawn and the bronchoseope can be passed immediately. In either case, the 
anesthesia is excellent. No additional hypopharyngeal anesthesia is required 
since the cocaine is coughed up into this area from the trachea during its 
instillation (Fig. 1, B). 
cing ns icin nes eee, Poort: eam es emt 
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Fig. 1.—A, Nasotracheal instillation of cocaine. Note firm control of syringe barrel to 
prevent expulsion during coughing. 
B, Dissemination of cocaine by coughing, with resultant oropharyngeal anesthesia. 


DISCUSSION 


The present method employs the same principle as transtracheal anes- 
thesia? in which the topical agent is introduced into the trachea from where 
it is disseminated into both upper and lower air passages by respiration and 
coughing. Certain advantages are apparent in the present method, however, 
ineluding the avoidance of needle puncture of the trachea, and the opportu- 
nity of making a slow injection of the drug. 

The routine use of the described technique has considerably reduced the 
period of preparation for bronchoscopy or bronchography. In almost every 
instance the patient is ready for study within 5 or 10 minutes after arrival 
in the operating room. 

A number of patients in this series had had previous bronchoscopy or 
bronchography after the induction of topical anesthesia by the usual means. 
Without exception, these patients have expressed a preference for the de- 
scribed method. 


REFERENCES 


1. Haight, C.: Intratracheal Suction in Management of Postoperative Pulmonary Com- 
plications, Ann. Surg. 107: 218-228, 1938. 

2. Canuyt, G., quoted by Labat, G.: Regional Anesthesia, Philadelphia and London, 1922, 
W. B, Saunders Co., pp. 304-305. 





A METHOD OF SECURING UNCONTAMINATED TRACHEAL 
SECRETIONS FOR BACTERIAL EXAMINATION 


David V. Pecora, M.D., Ray Brook, N.Y. 


a previous publication,’ evidence was presented indicating that expec- 
torated sputum and bronchoscopic aspirations do not accurately reflect the bae- 
teriology of the lower respiratory tract because of contamination with mouth 
organisms. In the patients studied, direct cultures of the lower respiratory 
tract were obtained at open thoracotomy. Since that technique is obviously not 
applicable to the study of most acute and chronie affections, the following simple 
method of obtaining uncontaminated tracheal secretions was developed. It is 
a modification of the widely employed” * * technique of transtracheal anesthesia. 


METHOD 


This procedure has been used immediately prior to bronchoscopy as it pro- 
vides an excellent means of introducing topical anesthesia (tetracaine, 0.5 per 
cent). However, if bronchoscopy is not planned, 0.9 per cent saline solution 
may be used for irrigation. 

Prior to the procedure, the patient is given a suitable dose of a barbiturate 
for sedation. A small pillow is placed beneath the patient’s shoulders and the 
neck is extended as he lies supine. The anterior aspect of the neck is prepared 
with an antiseptic and draped with sterile towels. A small cutaneous wheal of 
0.5 per cent procaine is made over the membranous trachea below the ecricoid 
cartilage in the midline. Following this, a sharp 15-gauge needle is inserted 
through the wheal into the trachea between the first and second cartilages. A 
6-inch length of sterile polyethylene tubing (internal diameter 0.034 inch and 
outside diameter 0.05 inch) is inserted into the trachea through the needle, after 
which the latter is withdrawn. The patient is asked to suppress cough until 
about 3 ¢.c. of 0.5 per cent tetracaine or 0.9 per cent saline solution are injected 
into the tube with the aid of a syringe fitted with a 20-gauge needle. Thereupon, 
the patient is encouraged to cough freely, as suction is applied to the tube by 
the same syringe. If an adequate specimen of sputum is obtained mucus can 
be seen in the syringe. The specimen is immediately transferred to a sterile test 
tube containing a small amount of 0.9 per cent saline solution to dilute any 
tetracaine which might have remained in the syringe. If bronchoscopy is to be 
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performed, additional amounts of tetracaine 0.5 per cent are injected into the 
tube, before the latter is withdrawn. Pressure with a sterile gauze sponge will 
adequately control any bleeding from the wound in the neck. 


RESULTS 


This method has been used in 41 patients. It is well tolerated. Bronchos- 
copy immediately following the procedure has failed to reveal any intratracheal 
bleeding or other complications. The puncture wound rapidly seals itself. In- 
deed, this is to be expected, since few complications have been reported following 
transtracheal anesthesia. 

All of the tracheal secretions collected by this method from the first 20 
patients examined were sterile when cultured aerobically on blood agar or beef 
broth for 24 hours at 37° C. The expectorations of 8 of these patients were 
cultured in a similar manner and, in every instance, organisms including Micro- 
coccus pyogenes var. albus, M. aureus, Pseudomonas aeroginosa, alpha-hemolytie 
streptococeus, Neisseria catarrhalis, and pneumococci were cultured. These re- 
sults are very similar to those obtained in the previously reported series in which 
all of the expectorated sputum samples yielded pyogenic organisms and prac- 
tically all of the direct cultures of the lower respiratory tract were sterile when 
cultured by this method. 

Included in the first 20 patients examined were 8 patients with pulmonary 
tubereulosis, 8 with pulmonary disease of undetermined etiology, 1 with pleurisy 
with effusion of undetermined etiology, 1 with lung abscess (previously treated 
with antibiotics), 1 with subacute pneumonia (previously treated with anti- 
bioties), and 1 with spontaneous pneumothorax of undetermined etiology. Pa- 
tients with pulmonary tuberculosis received antituberculous drug therapy. Ex- 
cept as indicated, no antibacterial therapy was administered to cover the des- 
eribed procedure. 


DISCUSSION 


This procedure appears suitable for obtaining specimens of lower respira- 
tory tract secretions uncontaminated by the flora of the mouth. In almost every 
instanee, an adequate specimen ean be obtained, as indicated by the presence 
of mucus. It is believed that the method is applicable to the study of the bac- 
teriology of the lower respiratory tract in both health and disease, a field which 
appears to require extensive investigation to determine the circumstances under 
which bacteria are present. 
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POTASSIUM, MAGNESIUM, AND NEOSTIGMINE FOR 
CONTROLLED CARDIOPLEGIA 


A Report of Its Use in 34 Patients 


Will C. Sealy, M.D., W. Glenn Young, Jr., M.D., Ivan W. Brown, Jr., M.D., 
Jerome S. Harris, M.D., and Doris H. Merritt, M.D., Durham, N.C. 


N 1956 the first of a series of studies' was reported by the authors on the 

feasibility of using induced eardiac standstill as an adjunet to open-heart 
surgery. Subsequently, other experiments? were outlined using the isolated 
eat heart to monitor many different cardioplegic substances. These studies re- 
vealed that a solution of potassium citrate, magnesium sulfate, and neostig- 
mine (Prostigmin) constituted the most efficient cardioplegic agent. This 
technique was then used successfully on the dog with the addition of extra- 
corporeal circulation and hypothermia.’ The favorable experimental results 
then permitted its trial on patients. This method of induced cardioplegia has 
now been used on 34 patients undergoing right ventricular exploration, and 
the experience with these patients is the subject of this final report. 


METHODS 


The cardioplegic solution contained potassium citrate, 0.81 per cent, and 
magnesium sulfate (hydrated), 2.46 per cent, made in distilled water which in 
turn made an isotonic solution. Just before use, 1 mg. of neostigmine per 100 c.e. 
was added. 

The electrocardiogram was monitored throughout the immediate pre- 
washout and post-washout periods and during the standstill. The time for 
complete standstill to occur after injection, the time of standstill, the time of 
occurrence of a strong rhythmical beat, and the return of sinus rhythm were 
all noted. 

For injection of the cardioplegic solution, the ascending aorta was oc- 
cluded above the coronary arteries. A curved No. 18 needle was placed in the 
aortic lumen, the aorta occluded, and then the solution forcibly injected into 
the coronary arteries. At the end of the intracardiae procedure, the occluded 
aorta was released, and the extracorporeal perfusion washed the cardioplegic 
compound from the heart. 
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Extracorporeal circulation was maintained by means of a modified De Wall 
oxygenator and a finger occlusive pump.‘ In the first 8 patients, however, 
plastic bags were used for oxygenation. In the initial 12 patients of the 
series, external body cooling was employed to induce the state of hypothermia, 
while in the remainder this was both induced and corrected by direct cooling 
and rewarming the blood with a Brown-Emmons heat exchanger® incorporated 
in extracorporeal system. Details of this technique have been described else- 
where.® Temperatures of from 28.5° to 30° C. were sought, and the rates of 
perfusion of 25 ¢c.c. per kilogram in adults and 50 ¢.e. per kilogram in children 
were usually employed. 


RESULTS 


In the 34 cases, 3 were complicated neonatal lesions. The heart was sue- 
cessfully stopped and restarted in all, but the patients died either on the 
operating table or within the first. few hours afterward. 

In the remaining 31 eases, there were 22 patients who survived (Table 
I). In none of the fatalities was the induced cardiac standstill thought to be 
a major factor influencing the outcome. Four of the deaths occurred on the 
operating table. In all, the heart was successfully stopped and restarted, 
but death occurred in one because of an unrecognized aortic stenosis. In 
another, the aortic stenosis was produced by the closure of the ventricular 
defect in a patient with tetralogy of Fallot with a marked dextroposition of 
the aorta. The remaining patients had what was considered to be an irrever- 
sible pulmonary hypertension and resistance, and all had had episodes of con- 
gestive failure. With the exception of one patient who died from heart block 
14 days after surgery, the remaining patients died in the first 36 hours after 
operation from factors related primarily to their disease. 


TABLE I. SwurvivAL DATA ON 31 PATIENTS SUBMITTED TO RIGHT VENTRICULOTOMY 
AND CARDIOPLEGIA 








SURVIVED DIED COMMENT 


NO. | NO. | NO. | 


DIAGNOSIS PATIENTS 
I.V. pulmonary pressure less 14 11 3 died in 12 days from heart 
than 80 per cent of aortic block 
pressure 2 patients over age 25 had re- 
eent congestive failure 





I.V. pulmonary pressure 80 per j : ‘ had associated aortic stenosis 
cent or greater than aortic 
pressure 


Tetralogy of Fallot : patients over age 25 and 1 
recent congestive failure 
patient died because of ob- 
struction to aorta 





The efficiency of this solution in inducing cardioplegia is shown in Table 
II. In earlier patients, due to faulty injection technique, larger amounts of 
the cardioplegic solution were used than have been needed in later patients. 
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Standstill occurs promptly; and, when injected under adequate pressure, 
amounts of 30 ¢.c. to 50 ¢e. are usually adequate. In 80 per cent of the in- 
stances, cardiae arrest occurred promptly, usually within the first 30 seconds. 
In the remaining 20 per cent, there was a delay of 60 to 120 seconds. This 
delay was very likely due to the lack of adequate pressure in perfusion of the 
coronary arteries. 


TABLE II. CARDIOPLEGIC DATA ON 31 PATIENTS 








AMT. KMP 
(C.C.) 


LOW- 
AVG. HIGH AVG. HIGH AVG. 


54 25-100 15 10-66 29 


*21 patients whose hearts did not fibrillate. 


TIME FOR 
ARREST (SEC.) 
LOW- 


TIME SINUS 
RHYTHM* (MIN.) 


LOW- 
HIGH 


4-12 


BEAT (SEC.) BEAT* (SEC.) 
Low- | 

HIGH | AVG. 
10-66 142 


» 


TIME FIRST | TIME REGULAR | 





LOW- 
HIGH AVG. 
20-600 7 














Following standstill in 24 of the 34 patients, the heart action returned 
promptly, usually in 29 seconds. Ten of the patients developed ventricular 
fibrillation just after opening the coronary arteries. Nine of these 10 hearts 
were successfully defibrillated by electrical stimulation; while the tenth spon- 
taneously resumed normal rhythm. Strong forceful beats developed on an 
average of 2144 minutes after washout; while normal sinus rhythm appeared 
in approximately 7 minutes. Post-washout arrhythmias other than fibrillation 
were not striking. One patient had a persistent heart block which caused the 


patient’s death 12 days after surgery. Perfusion rates, temperature, and oe- 


clusion time in 31 patients are shown in Table III. Temperatures as low as 
28.5° C. have not interfered with the correction of ventricular fibrillation 
when hypothermia was employed with the assistance of extracorporeal cireu- 
lation. 


TABLE III. PERFUSION DATA ON 31 PATIENTS SUBMITTED TO RIGHT VENTRICULOTOMY AND 


CARDIOPLEGIA 








DURATION 


TEMPERATURE 
( ° 


Cc.) 


FLOW ML./ 
KG./MIN. 
(ML. ) 


DURATION OF 


PERFUSION 
( MIN.) 


CORONARY 
OCCLUSION 
(MIN. ) 





NO. 


LOW- 


LOW- 


LOW- 


LOW- 


DIAGNOSIS PATIENTS| AVG. HIGH HIGH 














HIGH AVG. | HIGH 





Ventricular septal 


defect 20 30.6 28-30 


26-32 


26-63 16-55 15 


Tetralogy of Fallot 11 30 33-65 30-65 





DISCUSSION 


The surgical advantages of induced cardiac standstill are obvious and 
have been discussed in previous papers. Whether or not these benefits out- 
weigh the disadvantages of prolonged ischemia and possible local toxie action 
of the solution is still not proved. Laboratory studies by the authors on the 
dog indicate that it will safely permit 45 minutes to an hour of coronary 
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occlusion when the heart is cold. The clinical experience reported here is inter- 
preted as confirming our laboratory finding. The recent report of Sloan and 
colleagues,’ using only potassium and magnesium for cardioplegia at normal 
body temperatures, is further evidence of the safety of this method. 

A combination of potassium citrate, magnesium sulfate, and Prostigmin 
together appeared to be a more satisfactory cardioplegic when tested in the 
laboratory than potassium citrate used alone. Acetylcholine is not considered 
a cardioplegic. The use of two cardioplegies with different modes of action 
was sought both for possible synergistic action and reduction of the concen- 
tration of both electrolytes needed for effective action. The potassium ion 
most likely acts at the cell membranes, blocking the polarization of the cell, 
while the magnesium ion probably inhibits the energy transfer mechanism 
in the heart muscle. Prostigmin was added because of its vagotonic effect 
which would tend to prevent fibrillation during hypothermia and allow a slow 
heart rate in the immediate post-washout period. 

When this work was first begun, it was postulated that the major prob- 
lem to be solved was the control of ventricular fibrillation in the cold heart. 
As has been pointed out in previous papers, this was one of the reasons for 
searching for a method of cardioplegia. These fears have proved unfounded, 
for in no instance has it been difficult to defibrillate a heart when using hypo- 
thermia combined with extracorporeal circulation. This problem is not com- 
parable to the irreversible ventricular fibrillation that may develop in patients 
with hypothermia and complete circulatory standstill. In fact, the hypo- 
thermia is considered to be beneficial, for experimental evidence, already re- 
ported from this laboratory as well as studies of Gollan,® suggests strongly 
that the cold nonbeating ischemic heart remains in a better functional state 
than does the warm nonbeating ischemic heart. 

A combination of hypothermia and extracorporeal circulation has other 
important effects that have to be considered in the interpretation of the re- 
sults of this cardioplegic technique. Even the nonworking heart, after a long 
period of ischemia, may not recover completely if the metabolic state of the 
remainder of the body is poor. The heart then may not be able to compensate 
for its own debt and that accumulated by the whole organism. In this re- 
gard, it is of interest that others have reported, during hypothermia, serious 
rhythm disturbances following vena caval occlusion even though perfusion 
was maintained in the coronary system.® One of the requisites for use of 
cardioplegia is an adequate system of maintaining good oxygenation of the 
entire body. 

Certain technical problems encountered in using this technique warrant 
emphasis. It is imperative that the cardioplegic solution be injected in the 
coronary arteries with enough pressure to cause closure of the aortic valve. 
If this is not done, poor perfusion occurs and the heart may not be brought 
into complete standstill. The problem of distention of the left side of the 
heart after closure of the shunt has not been a problem with the patients out- 
lined here because of the reduced flow rates employed, although this is an 
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important consideration. It is of utmost importance to assist the circulation 
by continued perfusion after the period of cardioplegia. Because of the neces- 
sity of this, the technique is now employed of placing one venous catheter in 
the femoral vein and the arterial catheter in the femoral artery so that per- 
fusion can be continued for as long as desired after the washout. It is not 
unreasonable to expect a metabolic deficit of the heart to be such that several 
minutes are required before it returns to a relatively normal state. 


CONCLUSION 


A combination of potassium, magnesium, and Prostigmin has by clinical 
trial proved to be an effective and safe cardioplegic technique when used in 
combination with hypothermia and extracorporeal circulation. 


ADDENDUM 


Since preparation of this manuscript, 10 additional patients with either tetralogy of 
Fallot or interventricular septal defects have been operated upon, using the above techniques 
for cardiac standstill. There were no deaths. 
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OBTURATORS FOR EXTRACORPOREAL CIRCULATION 
CANNULAE 


Edward A. Fitch, M.D.,* and Charles P. Bailey, M.D.,** Philadelphia, Pa. 


ANY types of heart-lung machines are currently in clinical and experimental 
M use. There is an almost innumerable number of combinations of these 
machines with the various techniques and accessories of which they are the inte- 
gral part. Complete and partial cireulatory bypass of the heart and lungs, 
right or left heart bypass, autogenous lung preparations, segmental aortic by- 
pass, and organ and partial body perfusion are a few of the basie circulatory 
schema that have been devised. When filters, depulsators, flow meters, ete., are 
incorporated into the cireuit, the possibilities become complex indeed. 


A, 


Fig. 1.—A and B, The smaller obturators clip onto the catheter’s adapter and occlude the 
distal perforations to prevent blood loss. 


The problem of cannulation, however, is one item that is common to all 
systems. Even here, dozens of techniques involve cannulation of various vas- 
cular structures and cardiac chambers. Many types of tubing are suitable for 
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cannulation purposes, but perhaps the one in most widespread use in this coun- 
try is the Bardic catheter.* Early in our experience with extracorporeal cir- 
cuits, it became obvious that some mechanical aid in the introduction of the 
cannulae was desirable. This is particularly true in four instances. 

First, a common problem is the encountering of obstructing trabeculae in 
the right atrium and the atrial appendages. Second, the accurate placement of 


B. 

Fig. 2.—A and B, Larger sizes incorporate a shoulder to occlude the flared proximal end of 
the catheter. A distal plug is added to occlude the perforations. 

catheters in a site remote from the point of introduction is often frustrating, 

such as the cannulation of the venae cavae or the coronary sinus after penetra- 

tion of the atrial wall. Third, cannulation of a vascular chamber deep in the 

depths of the wound must be done “at a distance,” and this is often difficult 


*C. R. Bard Co., Summit, N. J. 
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with a flaccid catheter. Last, due to the multiple perforated nature of the 
catheter tip, blood loss is frequently encountered during introduction by the 
passage of blood from an intravascular perforation to an extravascular one. 

An instrument* was devised by one of us (E. A. F.) to overcome all of 
the above-mentioned problems. This obturator was made specifically for use 
with the stock models of Bardie catheters. Its design varies slightly with the 
different sizes of catheters. The two common features of all the obturators are 
an annealed copper shaft and a suitable handle. In the smaller sizes (10 Fr. 
through 20 Fr.), the copper shaft itself provides the occluding mechanism for 
the multiple perforations. A clip mechanism fixes the adapter snug against the 
butt plate of the handle, preventing slipping of the catheter on the shaft, and 
further blocking any blood which may escape to the end of the catheter. 

As the sizes of the catheters increase (22 Fr. through 40 Fr.), a length of 
stainless steel plug is added on the end of the copper shaft to occlude the distal 
perforations. The end of the obturator extends slightly beyond the distal end 
of the catheter. This rounded point provides for easier introduction of the 
larger sizes. 

The larger sized catheters (30 Fr. through 40 Fr.) are not equipped with 
commercially attached adapters. Rather, the proximal end is slightly flared. 
An adaptation of the proximal end of the obturator consisting of a rounded 
shoulder to plug the flared end of the catheter is provided. This fits snugly 
into the catheter and serves the same purpose as the clip on the smaller obtura- 
tors. 

The handle of each obturator is stamped with the size of the catheter for 
which it is designed. A bit of water soluble lubricant or mineral oil applied to 
the shaft allows easy withdrawal of the obturator. The instrument transforms 
a flexible, collapsible, kinking catheter into a semi-rigid shaft for leisurely can- 
nulation. 


*Obtainable from G. P. Pilling & Sons Co., Philadelphia, Pa. 





THE RELATIONSHIP BETWEEN PERFUSION BLOOD 
TEMPERATURE AND AVAILABLE VENOUS RETURN 
DURING EXTRACORPOREAL CIRCULATION 


Evan F. Lindberg, M.D.,* Augusta, Ga. 


» 


oa types of mechanical circulation pump-oxygenators have been de- 
veloped which allow the successful bypass of the heart and lungs in both 
dog and man. The changes in hematological and biochemical normality of the 
blood, produced by the pump, have been studied repeatedly.‘ The physiologic 
importance of some of these changes still remains unexplained. Since An- 
dreason‘ first described the survival of dogs after the total flow was restricted 
to that from the azygos vein for 30-minute periods, investigators have tried 
to determine whether a low flow rate or a rate of flow near normal would pro- 
duce the best results for the surgeon. Those who prefer to work with the 
‘‘high’’ flows discovered that with the institution of the bypass, the venous 
return fell sharply and the pump output was consequently below that of the 
resting cardiac output. Most of the groups have employed transfusions of 
what appear to be large quantities of blood to ensure an adequate pumping 
rate. Recently some investigators have turned their attention to the factors 
which control the rate of venous return,” ° since this has been the major limita- 
tion on the arterial output from the pump. 

The origin of this fall in venous return may lie in the size of the cannulae 
which have been used for caval drainage, or it may reflect a peripheral pooling 
of blood perhaps related to the inereased resistance of this tubing. It has been 
demonstrated that a moderate increase in central venous pressure, produced 
by a small increase in resistance, resulted in a serious curtailment of venous 
return and an irreversible shock state.’ 

At the start of the present bypass experiments, this decrease in venous 
return was always present. Further, in many cases, the expansion of the cir- 
culating blood volume by arterial transfusion resulted only in a temporary 
increase in venous return. An incidental observation made was that those 
animals who were most refractory to the transfusions were those which showed 
an appreciable drop in rectal temperature. While this might be attributed to 
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a low rate of peripheral blood flow, it called to mind the experiments of Gollan, 
Blos, and Schuman® which demonstrated a clear parallel between body temper- 
ature and the rate of venous return to the heart. 

Therefore, three types of experiments were conducted. 


Group A: To find whether the failure of venous return was due to loss of 
plasma or blood from the cireulation, we measured the dog’s blood volume 
(using T-1824 dye) before and after the institution of the extracorporeal 
circulation. 

Group B: To observe the venous return at different perfusing blood 
temperatures, the bypass was instituted and the rate of venous return recorded 
as the perfusing blood temperature was altered. 

Group C: To test the ability of blood transfusions to increase the rate 
of venous return, known quantities of blood were transfused with the perfusing 
blood temperature held at different levels. 


METHODS 


Mongrel dogs, weighing 11 to 21 Kg., were premedicated with morphine 
(10 mg./Kg.) and anesthetized with sodium pentobarbital (20 mg./Kg.). A 
No. 20 Fr. catheter, which was to receive the pump outflow during perfusion, 
was passed into the proximal end of the left common carotid artery. The 
control studies, listed in detail below, were made and the chest was entered 
through a right fourth intercostal space incision. Respiration was maintained 
with intermittent positive pressure. Loose ligatures were placed around the 
superior and inferior venae cavae. The animal was given 3 mg. per kilogram 
of body weight of heparin. The inferior vena cava was cannulated with a 
No. 26 Fr. catheter through the right atrial appendage, so that the catheter 
tip lay 2 to 3 em. above the diaphragm. A No. 24 catheter was placed 3 to 4 
em. into the superior vena cava through a stab incision in the right atrial wall 
and secured with a purse-string suture. The pump tubing was filled with 
1,100 ¢.c. of heparinized donor blood collected from unanesthetized dogs, and 
connections were made with the recipient’s cannulae. A Model T-69 Sigma- 
motor pump was used for these experiments. All measured blood loss from 
surgery and sampling was replaced prior to starting the perfusion. As the 
bypass began, the caval ligatures were tightened around the cannulae so that 
all caval and azygos blood entered an already established siphon column into 
the venous pump reservoir. The level of this siphon reservoir kept the venae 
eavae flaccid but not collapsed. The caval cannulae were adequate to siphon 
three to four times the flows encountered in these experiments. From the 
siphon reservoir the blood was pumped into a DeWall bubble-type oxygenator 
system.® With the venous pump running at a rate exceeding venous return and 
the inflow tube to the venous pump placed above the end of the siphon column 
(Fig. 1), the siphon was maintained by a constant level of blood in the reser- 
voir. From the oxygenator and defoaming chamber, the blood flowed into a 
calibrated helix reservoir. Thus, the exact amount of extracorporeal blood 
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could be calculated at any given moment. Radiant heat lamps were used to 
warm the blood as it flowed through the helix. The blood was then pumped 
into the carotid artery cannula, thus completing the bypass of the recipient’s 
heart and lungs. The flow values during perfusion were taken from the vernier 
seale on the arterial pump. This pump was calibrated repeatedly, and outputs 
found to be consistent at the pressures present in these experiments. A 2- to 5- 
minute period of adjustment of the arterial pump output to equal the venous 
return was necessary so that a constant level could be maintained in the reser- 
voir and the venous return would be equal to the rate of flow from the pump. 
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This obviated any change in the animal’s blood volume due to addition or 
subtraction of blood by the pump. The studies during perfusion were then 
performed for comparison with the control period, and, upon their completion, 
the animals were sacrificed. Two successful survival experiments were per- 
formed as a clinical test of the equipment. After each experiment, all tubing 
and fittings which were in contact with the blood were cleaned with Haemosol 
and soaked in a solution of Zephiran before re-assembly. 

In all the experiments, a continuous record of rectal temperature was 
taken on a Weksler recording thermometer. 

Splenectomy was acutely performed on all dogs in the Group A and the 
Group C experiments, where an attempt was made to do blood bookkeeping. 
In the former, small polyethylene cannulae were passed through the right 
femoral artery and vein into the abdominal aorta and inferior vena cava to a 
level above the renal vessels. Pressures measured through these cannulae by 
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Statham strain gauges were recorded on the Sanborn Twin-Viso. Zero refer- 
ence level for all pressures was that of the right atrium. Two small cannulae 
were also placed into the superior vena cava via the jugular vein; one was used 
for the dye injections while the other acted as a convenient site for sampling 
of superior vena cava blood. To measure the control cardiae output, a slug 
injection of T-1824 dye was made into the superior cava and arterial samples 
were collected during the initial circulation of this dye. The dye concentra- 
tions in plasma from these samples were determined on a spectrophotometer 
and the control eardiae output ealeulated using the method of Hamilton and 
associates..° Samples were taken from the three polyethylene cannulae for 
hematocrit and plasma specific gravity determinations both during control 
and perfusion periods. The gravity studies were made using the falling drop 
technique of Barbour and Hamilton.'' The blood for the hematocrits was 
placed in Wintrobe tubes and spun at 3,000 r.p.m. for 30 minutes. These values 
were also obtained for the donor blood so that the expected changes could be 
caleulated when the extracorporeal blood was added to the circulation. Plasma 
volume was measured by dividing the known amount of T-1824 blue dye in- 
jected by the average concentration in plasma samples withdrawn at intervals 
of 10, 20, and 30 minutes. Processing of these samples has been described by 
Dow and Pickering.’? The blood volume was then caleulated by dividing the 
plasma volume by 1 minus hematocrit value. On the assumption that only the 
‘‘eentral’’ blood volume would be inereased by the quantity of blood in the 
extracorporeal circuit, no F-cell correction of the initial hematocrit reading 
was made.'® When the maximal rate of perfusion had been established in the 
manner described above, the blood volume, plasma specific gravity, and hema- 
tocrit determinations were repeated. In order to measure the animal’s blood 
volume during bypass, it was necessary to subtract the quantity of blood in 
the extracorporeal unit from the amount measured by the dye. Total periph- 
eral resistance values were calculated by dividing the mean arterial pressure 
by the flow in eubie centimeters per kilogram per minute, as measured either 
by the dye injection method during the control period or by the arterial pump 
output during perfusion. 


In the Group B experiments the arterial and venous pressures were re- 
corded by Hamilton optical manometers. Instead of a polyethylene cannula, 
a long metal sound was passed up the aorta from the femoral artery to the 
aortie arch and central pressure pulses obtained. The cardiac outputs were 
ealeulated from these tracings using the method deseribed by Remington.” 
Following the caval cannulations the bypass was instituted in the same manner 
as in the Group A experiments. The perfusing blood was then warmed by the 
heat lamps or cooled by perfusing without any external source of heat, and 
the changes in flow rate, as determined by the venous return, were recorded. 
The perfusing blood temperature ranged from 94° to 106° F. As in the pre- 
vious group of experiments, no change in the animal’s blood volume was 
effected by the pump itself. 
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In the Group C experiments, the control recording of flow rate (as meas- 
ured from the pulse contours), blood volume, plasma specific gravity, and 
hematocrit was made. The first experiment began with a bypass perfusion 
of blood at 95° F. When the initial bypass flow rate was stable, a known 
amount of blood was transfused from the helix reservoir into the carotid artery. 
When the venous return again became stable and the new flow rate had been 
recorded, the blood volume, plasma gravity, and hematocrit studies were re- 
peated for comparison with the control values. The second experiment dupli- 
eated this procedure, but the perfusing blood temperature was 102° F. No 
blood volume, plasma gravity, or hematocrit studies were done in the last two 
experiments. Perfusion began with the blood at 95° F. and flow rates were 
followed as the blood temperature was raised to 102° F. The effect of trans- 
fusion on flow rate at the two temperatures was recorded. 


RESULTS 


The results given by 4 dogs from the Group A experiment are shown in 
Table I. The data obtained when the perfusion flow had stabilized are com- 
pared with those obtained during the control period prior to perfusion. When 
the bypass circuit was first started there was an immediate decrease in venous 
return, and hence in the pump flow, that could be maintained. This initial 
decrease was followed by smaller changes in venous return over the next 5 to 
7 minutes. By then, the flow rate had become stable and the studiés made 
during the control period were repeated (Table I). When perfusion began 
the arterial pressure fell in 3 of these dogs, but not as much as the flow de- 
creased. Hence, in all the dogs there was an increase in total peripheral 
resistance. During perfusion, the venous pressures in the upper abdominal 
vena cava registered the effect of the siphon reservoir as indicated by the 
negative pressures recorded, and the venae cavae remained in a state of partial 
collapse. There was no correlation between the control blood volume and 
either the control cardiae output or the total venous return during the bypass. 
The blood volume figures listed in the perfusion column have been corrected 
by subtracting the amount of blood which was in the extracorporeal unit, and 
the results indicate that there was no significant change in circulating blood 
volume during perfusion. It should be noted that the largest decrease in flow 
occurred in the animal that had the greatest fall in rectal temperature during 
the bypass. This fall in rectal temperature, paralleled by a decreasing venous 
return, took place during the first 5 to 7 minutes of perfusion and then the 
temperature held constant. 


The hematocrit and plasma gravity data (Table II) showed only the 
changes expected from the mixture of the 1,100 ¢.e. donor blood in the pump 
with the control blood volume of the animal, and therefore gave no clear 
evidence for fluid shifts into or out of the circulation. The plasma dye con- 
centrations from all three sampling sites were essentially the same, indicating 
complete mixing of the dye and blood. 
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The results from four Group B experiments are shown in Table III. Once 
again the perfusion values are related to the control period values. The rectal 
temperature was usually 1° F. less than that of the perfusing blood and fol- 
lowed the changes in the blood temperature closely. During perfusion, when 
the blood temperature was raised, an increase in venous return followed; when 
the blood temperature was lowered, the rate of venous return decreased. It 
should be emphasized that the pump output was altered to match these changes 
in venous return and thereby prevent a change in the animal’s blood volume. 
Depending upon the amount of blood in the ecireuit, a 5- to 15-minute period 
was required to effect these changes in blood temperature. In those experi- 
ments in which the blood temperature was raised, the flow increased to a 
degree greater than the increase in arterial pressure so that a decrease in total 
peripheral resistance resulted. The arterial” pressure fell less than the flow 
decreased in those experiments in which the perfusion blood temperature was 
dropped and, thus, an increase in total peripheral resistance was the result. 
Experiment 4 began with a high blood temperature which was increased even 
more and the increase in venous return still occurred. 


Table IV lists the results of the Group C experiments in which the effect 
of a transfusion upon the rate of venous return was studied in animals having 
different perfusing blood (and rectal) temperatures. In Experiment 25, the 
institution of the bypass caused a decrease in flow (or rate of venous return) 
from 135 to 44 ¢.e./Kg./min. (Columns 1 and 3). A transfusion of 32 ¢.e./Kg. 
of blood (Column 5) was then made from the helix reservoir. There was an 


immediate transient rise in venous return, but by the end of 3 minutes the 
flow rate had returned to 46 ¢.c./Kg./min. (Column 6), a value essentially the 
same as before the transfusion. That the amount of blood transfused was still 
present in the circulating volume was shown by the increase in blood volume 
as measured by dye. Hence the sum of the initial blood volume (Column 4) 
and the transfusion volume (Column 5) was 121 ¢.c./Kg. as compared with the 
measured total volume of 124 ¢.e./Kg. (Column 7). Experiment 26 duplicated 
the last except that the perfusing blood temperature was 102° F. instead of 
95° F. Once again there was a drop in flow rate as perfusion began. The 
effect of the transfusion of 76 ¢.c./Kg. on the venous return was immediate 
and, with this warm blood, the flow rate was maintained above control levels. 
Once again the change in circulating volume was quantitatively shown by the 
dye volume measurement (Columns 9, 10, and 12). The last two experiments 
further demonstrated that the temperature of the perfusing blood was very 
important if an increase in flow rate was to be maintained by transfusion. In 
Experiments 26 and 29, the transfusion into hot recipients raised the flows to 
the range of the control cardiac outputs. When this was achieved, the total 
peripheral resistance figures were also close to the control values. 


DISCUSSION 


The results of these experiments eliminated some of the possible explana- 
tions for the decreased rate of venous return to the extracorporeal circulation. 
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It was apparent that mechanical blockage of the venous return by the drainage 
cannulae was not a problem since the pressures recorded in the upper abdom- 
inal vena cava were either low or negative. In addition, it was possible to 
increase the rate of venous return by raising the temperature of the perfusing 
blood. 

Thus, it was evident that, with the institution of the bypass cireuit, the 
amount of blood available to the caval cannulae decreased almost immediately. 
There was an associated increase in total peripheral resistance, since the arte- 
rial pressure was maintained in the presence of a failing venous return, and, 
henee, a decreased arterial pump output. Since the T-1824 dye concentrations 
in samples taken from the three sites were essentially the same (indicating 
good mixing), this increase in peripheral resistance was thought to be a gen- 
eralized phenomenon and not the result of* the elimination of one vascular 
bed or another from the circulation. The amount of circulating blood and 
plasma was the same during perfusion as in the control period, as shown by 
the dye volume, plasma gravity, and hematocrit studies. 

To understand a decrease in venous return in the presence of a normal 
circulating blood volume and an unimpeded venous drainage, it is necessary 
to propose the presence of an intravascular pool of blood somewhere retrograde 
to the large veins. In the presence of an elevated perfusing blood temperature, 
the venous return to the pump increased. It appeared that the ease with which 
blood was mobilized from this pool, and presumedly its size, was a function 
of the perfusing blood temperature. This conclusion was further substantiated 
when the effect of expanding the recipient’s blood volume on venous return 
was studied. Those animals perfused with cool blood demonstrated the ability 
to expand their circulating blood volume with transfusion without an ap- 
preciable increase in venous return. On the other hand, the increase in venous 
return following transfusion was readily apparent in those animals perfused 
with the warm blood. The change in peripheral capacity with temperature is, 
of course, quite opposite to that one might anticipate, and provides a provoca- 
tive question as to just where the anatomie site of this variable peripheral 
blood pool might be. 


SUMMARY 


No significant changes in blood volume, plasma specifie gravity, and 
hematocrit values were found in dogs before and after the institution of a 
heart-lung bypass pump-oxygenator. The formation of an intravascular pool 
of blood, in the presence of an increased total peripheral resistance, is proposed 
as a possible explanation for the decrease in venous return when the extra- 
corporeal circulation was started. The effect of alterations in the perfusing 
blood temperature on venous return was studied. The rate of venous return 
was found to parallel the rise or fall in perfusing blood temperature. Expan- 
sion of the circulating blood volume of the recipient animal was found to be 
effective in increasing the venous return only if the perfusing blood tempera- 
ture was high. 





LINDBERG J. Thoracic Surg. 
May, 1959 


The author wishes to gratefully acknowledge the technical and conceptual help given 
him by John W. Remington, Walter J. Brown, Jr., and Charles R. Wallace. 


REFERENCES 


. DeWall, R. A., Warden, H. E., Gott, V. L., Read, R. C., Varco, R. L., and Lillehei, C. W.: 
Total Body Perfusion for Open Cardiotomy Utilizing the Bubble Oxygenator, J. 
THORACIC SurG. 32: 591, 1956. 

- Dennis, C.: Certain Methods for Artificial Support of the Circulation During Open 
Intracardiae Surgery, S. Clin. North America 36: 423, 1956. 

3. Effler, D. B., Kolff, W. J., Groves, L. K., and Sones, F, M.: Disposable Membrane 
Oxygenator (Heart-Lung Machine) and Its Use in Experimental Surgery, J. 
THORACIC SurG. 32: 620, 1956. 

. Andreason, A. T., and Watson, F.: Experimental Cardiovascular Surgery, Brit. J. Surg. 
39: 548, 1952. 

5. Levowitz, B. S., Kernan, M., and Monsees, R.: Central Venous Pressure During Cardiac 
Bypass, Surg. Forum 8: 402, 1957. 

. Herron, P. W., Jesseph, J. E., and Merendino, K. A.;: An Experimental Study Indi- 
cating the Relationship Between Blood Volume and Available Venous Return 
During Extra-corporeal Circulation, Surg. Forum 8: 310, 1957. 

. Smith, E. L., Huggins, R. A., Randall, R. W., and Jeffery, G. A.: Hemodynamic Changes 
Resulting From Insertion of a Rotameter in the Venous Circulation of a Dog, 
Texas Rep. Biol. & Med. 10: 674, 1952. 

. Gollan, F., Blos, P., and Schuman, H.: Studies on Hypothermia by Means of a Pump 
Oxygenator, Am. J. Physiol. 171: 331, 1952. 

9. DeWall, R. A., Warden, H. E., Varco, R. L., and Lillehei, C. W.: Helix Reservoir Pump 
Oxygenator, Surg., Gynec. & Obst. 104: 699, 1957. 

. Hamilton, W. F., Moore, J. W., Kinsman, J. M., and Spurling, R. G.: Further Analysis 
of the Injection Method and of Changes in Hemodynamics Under Physiological 
and Pathological Conditions, Am. J. Physiol. 99: 534, 1932. 

. Barbour, H. G., and Hamilton, W. F.: The Falling Drop Method for Determining 
Specific Gravity, J. A. M. A. 87: 818, 1926. 

2. Dow, P., and Pickering, R. W.: Behavior of Dog Serum Dyed With Brilliant Vital 
Red of Evans Blue Toward Precipitation With Ethanol, Am, J. Physiol. 161: 212, 
1950. 

. Reeve, E. B., Gregerson, M. I., Allen, T, H., and Sear, H.: Distribution of Cells and 
Plasma in the Normal and Splenectomized Dogs and Its Influence on Blood Volume 
Estimates With P-32 and T-1824, Am. J. Physiol. 175: 195, 1953. 

. Remington, J. W.: Volume Quantitation of the Aortic Pressure Pulse, Fed. Proce. 11: 
750, 1952. 





GRADUAL CLOSURE OF INTERVENTRICULAR 
SEPTAL DEFECTS 


Riccardo Benvenuto, M.D., and F. John Lewis, M.D., Chicago, Ill. 


INTRODUCTION 


. 


HE abrupt closure of an interventricular septal defect in patients with 

high pulmonary pressure may result in death due to several causes, in part 
not entirely known. Because of this high risk, patients with high pulmonary 
pressure, and particularly those with reverse shunt, have been considered 
inoperable.” Yet, if the hemodynamic changes induced by the operation could 
be more gradual or partial, the patients could survive the closure of the de- 
fect. Therefore, possible irreversible pulmonary vascular changes might be 
expected to become, in time, partiaily or completely reversible. 

To achieve this result a technique to gradually close the defect by means 
of a perforated plastic plug has been devised. This is similar to the technique 
we have used previously for the slow closure of interatrial septal defects.’ 
The results obtained experimentally in dogs are reported in the present paper. 


METHODS AND MATERIALS 


Thirty-nine healthy mongrel dogs, weighing between 24 and 49 pounds, 
were used. In all the animals, an interventricular septal defect was created 
and simultaneously closed by the insertion of different models of plastic 
plugs. These plugs were modifications of the Ivalon plug we previously used 
for one-stage repair of such defects. All the plugs used had in common a 
central opening so as to allow the persistence of a shunt after their insertion. 
Final occlusion of this channel could be expected in time because of fibrin 
deposition and endothelial invasion. 

Three different kinds of plugs were used. In 17 animals, the plug was 
made of compressed Ivalon sponge with an internal lining of Lucite (Fig. 1, 
A). This was obtained by imbedding a short piece of Lucite tube (3 mm. in 
length) within the Ivalon sponge. The internal diameter of the tube was 4 mm. 

In a second group of dogs (7 animals), the plug used was made of com- 
pressed Ivalon sponge reinforced with an external ring of Teflon (Fig. 1, B). 
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Such a ring was limited to the central portion of the plug to provide a rigid 
support in the central portion of the channel without diminishing the flexi- 
bility of the device. Such a plug had an internal diameter of 6 mm. 

The third type of plug (used in 15 animals) was similar to the one used 
in the second group of dogs but with an internal diameter reduced to 3 mm. 
Furthermore, the external ring of Teflon was thinner and perforated (Fig. 


LE &). 


Fig. 1.—The three different models of Ivalon sponge plug used to repair interventricular septal 


defects. 


The animals were operated upon during hypothermia using a respirator 
with a mixture of 95 per cent oxygen and 5 per cent carbon dioxide. A 
thoracotomy was performed in the right fourth intercostal space. With the 
usual technique employed for the open cardiotomies, the blood inflow to the 
heart was arrested and a right atriotomy was performed. The right ventricle 
was then entered through the tricuspid valve (Fig. 2). The defect was made 
in the high portion of the septum, trying to avoid the bundle of His. A eru- 
ciate incision was made in the septum and then the hole was enlarged with 
a right angle hemostat used in such a way as to provide simultaneous re- 
traction. Bright red blood coming from the left ventricle was always noted 
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at this point. After the introduction of the plug, the left ventricle was filled 
with saline, using a syringe and needle, and the right ventricle filled with 
blood by releasing the venae cavae. 

Whenever the defect was successfully created, a clear systolic thrill was 
felt over the right ventricle. In the same way, a loud systolic murmur was 
heard over the precordium when the chest was closed (Fig. 3). This murmur 


Fig. 2.—Technique for creation and repair of interventricular septal defects with a per- 
forated Ivalon plug. 

A, The right ventricle is entered through the right atrium. The septal leaflet of the tri- 
cuspid valve is retracted. 

B and C, The plug is inserted in position. 


was used as a guide to follow the gradual closure of the defect. When the 
murmur disappeared the animals were sacrificed and a postmortem examina- 
tion was carried out. 


Patency of the defect was studied intra-vitam by means of dye injection 
techniques. Evans blue was injected into the left ventricle by a direct per- 
cutaneous puncture and blood was simultaneously drawn from a catheter 
placed in the right ventricle. Detection of the dye in the blood obtained from 
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the right ventricle was considered proof of the patency of the defect. In 
one instance a dye curve was recorded by means of a cuvette oximeter 
(Fig. 4). 


























Fig. 4.—Dye curve recorded from Dog No. 477. Evans blue was injected into the left ventri- 
cle and blood collected from the right ventricle. 


RESULTS 


We found that when a plug with an internal lining of Lucite was used 
the defect closed too early. Thus, the closure of the defect was observed 
over a period of time ranging from 24 hours to 6 days. Table I shows the 
results obtained with this type of plug. 

The second type of plug with an internal diameter of 6 mm. and an ex- 
ternal ring of Teflon also proved to be unsatisfactory because of the develop- 
ment of acute heart failure. In fact, in 5 of the 6 dogs in which the plug 
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was successfully inserted, an acute dilatation of the right ventricle occurred 
when the circulation was restarted. This dilatation, in turn, started an irre- 
versible ventricular fibrillation. Table I summarizes the results obtained 
in this group of animals. 

With the third type of plug we achieved our purpose. The plug was 
inserted successfully in 10 animals and closure of the defect occurred in a 
period of time ranging from 4 to 41 days, with an average of 26 days. 
Autopsy revealed in all cases a plug well covered by surrounding tissue 
(Fig. 5). Table I shows the results obtained in this group of animals. 


Fig. 5.—Internal view of the right and left ventricles of a dog heart with the plug in 
place and covered by the surrounding tissue. The dog was sacrificed when the systolic murmur 
disappeared 32 days after creation of the defect. (Dog No. 473—Plug C.) 


TABLE I. RESULTS IN 3 EXPERIMENTS 





PLUG A | PLUG B | PLUG C 











RESULTS 





Deaths 6 
Plug improperly inserted 
Satisfactory experiments 


Total dogs operated upon 











DISCUSSION 


The early closure of the defect obtained in the first group of animals can 
be partially attributed to the limited lumen of the plug. Therefore, in the 
second model of the device the lumen was increased from 4 to 6 mm. The 
internal lining of Lucite was abandoned because it made the plug difficult 
to handle because of its rigidity. 
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The acute dilatation of the right ventricle with subsequent irreversible 

ventricular fibrillation encountered when the second plug was used, can be 

attributed to the large shunt resulting in an acute overloading of the right 

ventricle. The reduction of the lumen of the device (Plug C) was adequate 

to overcome this problem and yet allow a sufficient length of time before 
occlusion. 


In conclusion, a device capable of giving gradual closure of experimental 
interventricular septal defects has been successfully tested in dogs. Whether 
this achievement can be directly applied to human eases is difficult to say 
at present. The difference in pressure gradients can account for different 
behavior of a plug inserted in a human interventricular septal defect. 


Perhaps the use of plugs with large holes in patients might be better 
tolerated since the heart, in such a ease, is already hemodynamically accus- 
tomed to a large shunt. By using a larger hole one could probably expect 
a longer period of time before the complete occlusion of the plug, and, there- 
fore, a more complete readjustment of the pulmonary circulation. 


SUMMARY 


1. Ventricular septal defects were created in dogs and simultaneously 
repaired by different models of plastie plugs. 

2. All the plugs used had a central opening so as to allow the persistence 
of a shunt. This opening should occlude in time due to deposition of fibrin 
and endothelial invasion. 

3. The best results were obtained with a plug having an opening of 3 
mm. in diameter. Occlusion occurred in a period of time averaging 26 days. 

4. The applicability of this method to human eases is discussed. 
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PULMONIC STENOSIS DUE TO COMPRESSION OF THE 
PULMONARY ARTERY BY AN INTRAPERICARDIAL TUMOR 


John A. Waldhausen, M.D., Carlos R. Lombardo, M.D., and 
Andrew G. Morrow, M.D., Bethesda, Md. 


LTHOUGH a Significant percentage of mediastinal tumors arise within the 
A pericardial space, only rarely does their presence cause impairment of 
eardiae function. When this does oceur it is usually attributable to impaired 
diastolic filling resulting from generalized compression of the heart by the in- 
filtrated pericardium or from cardiac tamponade due to fluid accumulation. Only 
rarely has obstruction to right ventricular outflow been described in association 
with an intrapericardial mass. We have recently had opportunity to study 
and operate upon a patient in whom significant pulmonary stenosis resulted 
from compression of the main pulmonary artery by a primary malignant tumor. 


CASE REPORT 


J. A. C., a 23-year-old white man, had been in good health until January, 1958, when 
he developed pain in his throat and was treated by his physician for tonsillitis and strepto- 
coceal pharyngitis. Shortly thereafter, he noted pain in his chest which fluctuated in in- 
tensity and was accentuated by deep breathing, coughing, and changes in position. He 
was hospitalized at this time and, on physical examination, the pharynx was noted to be 
mildly injected and there were palpable nodes in the left anterior cervical triangle. The 
pulse rate was 100, the heart was not enlarged and there was no precordial murmur. How- 
ever, an electrocardiogram revealed changes typical of pericarditis and the patient was 
noted to have daily temperature elevations to 100.5° F. 

Two weeks after admission, a pericardial friction rub was heard for the first time 
and was noted intermittently during the next 4 weeks. Shortly thereafter a harsh pre- 
cordial murmur was heard. There were prominent left precordial pulsations and a thrill 
was thought to be present by some observers. 

A chest x-ray at the time of his original hospitalization revealed an enlarged heart 
shadow consistent with pericardial effusion. Subsequent films had revealed apparent pro- 
gressive enlargement of the pulmonary artery. This was first noted on Feb. 25, 1958. 

The patient was admitted to the National Heart Institute on March 12, 1958. He 
did not appear to be ill. The physical findings were not remarkable except for the 
examination of the chest. There was a visible and palpable pulsation in the left second 
intercostal space and a minimal right ventricular lift was noted. No friction rub was 
audible. There was a Grade 3 systolic murmur maximal in the second and third left 
intercostal spaces. This radiated into the neck and was also heard over the entire pre- 
cordium. A third heart sound was heard in diastole. There was no diastolic murmur. The 
pulmonie second sound was of normal intensity and split. 


From the Clinic of Surgery, National Heart Institute, Bethesda, Md. 
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Fluoroscopic and roentgenographic examinations of the chest revealed a pulsatile 
mass in the left upper mediastinum in the region of the pulmonary artery (Fig. 1). There 
was no generalized cardiac enlargement but the right ventricle was slightly enlarged when 
viewed in the right anterior oblique projection. The vascularity of the left lung was con- 
sidered to be slightly diminished as compared to the right. The electrocardiogram (Fig. 
2) demonstrated a wide ST-T angle compatible with subsiding pericarditis. Comparison 
of the tracing with previous records showed a moderate rightward shift in the mean QRS 
axis, suggestive of early right ventricular hypertrophy. A right heart catheterization was 
carried out and the data obtained are summarized in Table I. There was a peak systolic 
pressure difference of 47 mm. Hg when the catheter was withdrawn from the pulmonary 
artery into the right ventricle. There was no evidence of a circulatory shunt. 


A. B. 
Fig. 1.—Posteroanterior (A) and right anterior oblique (B) chest x-rays. There is 


no generalized cardiac enlargement but the right ventricle is slightly enlarged. There is a 
mass in the left upper mediastinum in the region of the main pulmonary artery. 


A selective angiocardiogram with right ventricular injection was performed follow- 
ing catheterization (Figs. 3 and 4). The right ventricle occupied a normal position. 
Lateral views revealed the right ventricular outflow tract and the main pulmonary artery 
to be compressed and displaced posteriorly by an extrinsic mass. The anteroposterior pro- 
jection also showed deformity of both the main and left pulmonary arteries which were 
compressed and displaced. The mass visible in the plain films did not fill. A retrograde 
thoracic aortogram (Fig. 5) demonstrated that the ascending aorta was straightened and 
displaced posteriorly. The aortic lumen was not compromised and no aneurysm was 
present. 

Following the studies outlined, the diagnosis of mediastinal tumor with compression 
of the right ventricle and pulmonary artery seemed established and operation was carried 
out on March 27, 1958. The chest was entered through a left anterolateral thoracotomy. 
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The pleural space was free and the lung appeared normal. The pericardium was markedly 
thickened and vessels on its surface were engorged and tortuous. When the pericardium 
was incised, a mass of gelatinous friable tumor extruded (Fig. 6). Three hundred grams 
of tumor were removed piecemeal but it was apparent that the tumor was infiltrating the 
muscle of the right ventricle and left atrium as well as the pericardium. After removal 
of the tumor (Fig. 7), the thrill previously palpable in the left pulmonary artery had dis- 
appeared and it was evident that the compression of the heart and great vessels had been 
relieved. The anterior mediastinum was palpably free of tumor and it was thought that 
the lesion had arisen and was confined to the pericardium. 

The patient’s postoperative course was uncomplicated. The systolic murmur was 
markedly decreased immediately and gradually disappeared. 

Pathologic examination of the tumor was carried out by Dr. Hugo Pribor. The tissue 
had a gelatinous consistency and was gray-red. Areas of hemorrhage were apparent. On 
microscopic examination several histologic patterns were evident (Fig. 8). In places, the 
tumor cells were elongated and arranged in interlacing bundles. A moderate number of 
mitotic figures were present and there was considerable nuclear pleomorphism. Other areas 
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: Fig. 2.—The electrocardiogram demonstrates a wide ST-T angle compatible with subsid- 
ing pericarditis. There is a moderate rightward shift in the mean QRS axis suggestive 
of early right ventricular hypertrophy. 


TABLE I. Ricgut HEART CATHETERIZATION 














PRESSURE 
MM. Hg. | BODY SURFACE AREA: 1.96 M.2 
LOCATION SYST./DIAST. | HEART RATE: 120/MIN. 
Superior cava 9/6 Cardiac output determination at rest* 
Right atrium 9/2 j Ventilation, L./min. 7.78 
Right ventricle 64/4 O, Consumption, ¢.c./min. 327 
Pulmonary artery 17/8 R.Q. 
Wedge PA position 9/2 6 A-V Difference, Vol. % 
Brachial artery 125/75 85 Systemic flow, L./min. 
—=|Arterial saturation 
Pulmonary vascular 
resistance 58 d. s. 




















NITROUS OXIDE TEST 
LOCATION | BLANK | SAMPLE 
Pulmonary artery 1.78 1.78 


Brachial artery — 7.24 *Average of two determinations 
Nitrous oxide index: 0% 

















* 


Fig. 3.—Selective angiocardiogram, lateral view: The right ventricular outflow tract 
and the main pulmonary artery are compressed and displaced posteriorly by an extrinsic 
mass. RV—Right ventricle. PA—Pulmonary artery. 


Fig. 4.—Selective angiocardiogram: anteroposterior view. There is a deformity of the 
pulmonary artery which is compressed and displaced upward. The mass visible in_the plain 
films = not fill. LPA—Left pulmonary artery. RPA—Right pulmonary artery. RV—Right 
ventricle. 
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showed cuboidal tumor cells arranged in small nests with intervening vascular stroma. 
The tumor cells were often arranged around small blood vessels. The final pathologic 
diagnosis was primary mesothelioma of the pericardium. The patient was subsequently 
treated with x-ray therapy to the mediastinum, and was discharged, free of symptoms, 
3 weeks after operation. 


Fig. 5.—Retrograde thoracic aortogram: The aorta is straightened and displaced posteriorly. 
The aortic lumen is not compromised. 

DISCUSSION 

The patient described in the present report was the subject of much clinical 
speculation before the diagnosis was established. The presence of acquired 
pulmonic stenosis seemed clear on the basis of the physical findings and electro- 
cardiograms. The initial history of an upper respiratory infection with fever and 
associated with radiographic and electrocardiographie evidence of pericarditis 
lead many to postulate a localized abscess or collection of sterile fluid as the 
nature of the mass. Others considered an aneurysm of the pulmonary artery or 
aorta to be more likely. The diagnostic studies demonstrated preoperatively 
that the mass was extrinsic to the vascular structures at the base of the heart but 
that the great vessels were displaced by it. 
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appearance of the tumor, upon incision of the pericardium. 


aio 


Fig. 7.—Following removal of the tumor, the compression of the pulmonary artery 
was relieved. The bed of the tumor with invasion of the outflow tract of the right ventricle 
and pulmonary artery is shown. 
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There have been two previous reports of patients in whom pulmonary 
stenosis apparently resulted from compression of the pulmonary artery by a 
tumor. The patient described by Fry' had a malignant teratoma. He had a 
palpable precordial thrill as well as a pulmonic systolic murmur. Cardiae 
catheterization was not performed and an angiocardiogram was inconclusive. 


Fig. 8.—Photomicrograph of the tumor removed (hematoxylin and eosin stain, x 143; reduced 


5). 


However, both thrill and murmur were abolished by removal of the tumor but 
both signs later reappeared with recurrence of the tumor. Winter? recently 
reported complete studies in a patient with an anterior mediastinal tumor com- 
pressing the heart and producing a pulmonic systolic murmur. The patient was 
a 21-year-old white man who had a Hodgkin’s tumor of the anterior mediastinum. 
The patient had a pulmonie gradient of 20 mm. Hg. At angiocardiography, a 


large mass was demonstrated compressing the pulmonary artery. The murmur 
disappeared after resection of the tumor. 


The rarity with which the pulmonary artery is compressed by a tumor is 
probably related to the fact that mediastinal tumors in general may enlarge 
laterally and need not encroach upon the heart and great vessels. The relatively 
few tumors arising within the pericardium usually result in an effusion and 
diffuse cardiac compression before a local constrictive lesion may manifest itself. 
Pericardial effusion was present early in the course of the present patient’s ill- 
ness but apparently resolved and the local manifestations of the enlarging tumor 
became evident. 
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SUMMARY 


A patient is described in whom a primary mesothelioma of the pericardium 
compressed the pulmonary artery and caused the physical findings of obstrue- 
tion to right ventricular outflow. A pressure gradient between the ventricle and 
pulmonary artery of 47 mm. Hg was demonstrated at cardiae catheterization. 
A selective right ventricular angiocardiogram demonstrated the extrinsic nature 
of the obstruction and its anatomic relations. Following excision of the tumor, 
the systolic murmur and thrill were no longer evident. 
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TRACHEAL ADENOMA IN JUXTAPOSITION WITH A 
MEDIASTINAL BRONCHOGENIC CYST 


Wilson Weisel, M.D., D. B. Claudon, M.D., and J. C. Darin, M.D., 
Milwaukee, Wis. 


ls challenging clinical, diagnostic, surgical, and pathologie problems pre- 
sented by a patient with a tracheal adenoma (carcinoid type) occurring 
in conjunction with a bronchogenic mediastinal cyst has provided the impetus 
for this case report. In a review of the world literature we have not found an 
accounting of a similar report. 


CASE REPORT 


G. M. (C. H. No. 256671), a 49-year-old white, widowed bank clerk, was admitted to 
the hospital Jan. 17, 1958, because of intermittent hemoptysis of 5 years’ duration. She had 
noted a progressive increase in the amount of bleeding and expectoration of blood,clots in 
the 2 weeks prior to admission. 

Past history revealed an appendectomy and oophorectomy performed in 1946 for non- 
neoplastic lesions. The family history was negative. Physical examination demonstrated a 
healthy woman with a blood pressure of 150/90 mm. Hg, a pulse rate of 80 and a respiratory 
rate of 20. A roentgenogram of the chest was reported as normal (Fig. 1). 

At bronchoscopy, a large polypoid tumor was found almost filling the tracheal lumen 
and arising from the left lateral wall, 3 to 4 em. above the carina. From visual and tactile 
perception it was thought that a large globular portion of the tumor had residence outside 
the tracheal wall. The intratracheal tumor was partially resected for biopsy. At second 
endoscopy performed a week later most of the remaining intratracheal lesion was resected. 

Because it was believed that a portion of the tumor was extraluminal, laminographic 
studies of the chest were made to delineate the left paratracheal area. These roentgenograms 
were interpreted as demonstrating the presence of the suspected tumor (Fig. 2) and, accord- 
ingly, surgical excision of the tumor was planned. 

At a left thoracotomy, performed on Jan. 29, 1958, utilizing a modified Carlens tube 
for an anesthetic airway,* the paratracheal mass, which could be felt medial and superior to 
the aorta, was identified as a cyst which was dissected from the trachea and removed. 

A three-sided window, 2 em. in width, was cut in the trachea, leaving the membranous 
portion attached. The area of the tracheal incisions corresponded to the former attachment 
of the cyst and the location of the intratracheal tumor. 

It was surprising to find that most of the tumor had actually been removed and there 
was no invasion of the tracheal wall. The gross remnant of tumor in the mucosa was re- 
moved by stripping the mucosa from the cut portions of the tracheal cartilages. The tracheal 

From the Departments of Surgery and Laboratory Medicine, Columbia Hospital and the 
Marquette University School of Medicine, Milwaukee, Wis. 
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Fig. 1.—Posteroanterior and lateral thoracic roentgenograms taken on admission were inter- 
preted as normal. 


Fig. 2.—Laminogram of mid-thorax showing left lower tracheal and paratracheal mass. 
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wall was resected at the site of origin of the tumor and the tracheal defect was closed by a 
pedicled flap of pericardium which had been turned up from just above the diaphragm and 
was left attached over the great vessels. The flap was carefully sewn to the edges of the 
tracheal defect with interrupted 5-0 silk sutures. 


Fig. 3.—Photomicrograph (X200) of tracheal tumor showing epithelial cells arranged in an- 
astomosing cords. 


Fig. 4.—Photograph of mediastinal cyst. 
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Fig. 5.—Microscopic section (X200) of cyst wall with elastic stain showing haphazardly 
arranged elastic fibrils. 


Fig. 6.—Photomicrograph (X850) of cyst lining demonstrating ciliated columnar cells. 
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The pleural space was drained by three catheters and the wound was closed with inter- 
rupted cotton sutures. The patient’s convalescence was uneventful and she was discharged 
Feb. 12, 1958. She returned to work 10 days later. Follow-up studies have shown no symp- 
toms nor signs referable to the respiratory system. Bronchoscopic examinations performed 
3 and 6 months postoperatively have revealed a well-healed, epithelized graft area. The only 
abnormality noted at endoscopy was some increased mobility of the wall in the graft area 
during expiration and coughing. 


Pathologic Report.—The tracheal tumor received on three occasions in various-sized 
pieces was characterized grossly as soft, brown tissue, the largest piece measuring 0.5 by 0.8 
by 1.0 em. On microscopic examination, the tissue was identified as from the inner wall of the 
trachea. The mucosa was normal, but the submucosa contained a well-defined, non-encapsu- 
lated tumor composed of differentiated epithelial cells arranged in anastomosing cords (Fig. 
3). The cells were of medium size with nuclei having vesicular chromatin. No evidence 
was seen of pleomorphism, mitoses, or anaplasia. A diagnosis of low-grade adenocarcinoma 
(‘‘tracheal adenoma’’), carcinoid type, was made. . 

Part of the specimen received Jan. 29, 1958, was a thin-walled, spheroidal cyst with 
areolar tissue and muscle fragments attached to its surface (Fig. 4). The cyst measured 
1.5 by 2.5 by 2.5 em. aud, when opened, was unilocular with a lining of smooth, gray, glisten- 
ing tissue. It contained 7 ml. of clear amber fluid which on analysis had the following 
composition: 98 mEq./L. of sodium, 83 mEq./L. of chloride, 800 mg./100 ml. of protein, 
27 mg./100 ml. of nonprotein nitrogen, less than 10 mg./100 ml. of sugar, and a pH of 8. 


Histologic examination of the wall of the cyst showed an outer layer of areolar tissue 
containing occasional groups of fat cells, clusters of lymphocytes, and packets of fusiform 
smooth muscle cells. Elastic tissue stains demonstrated the presence of many elastic fibrils, 
singly and in haphazardly arranged interwoven collections (Fig. 5). No basement membrane 
was present. The cyst was lined by epithelial cells which underwent gradual transition in 


successive microscopic fields from cuboidal to columnar; the latter were frequently ciliated 
(Fig. 6). Many sections from numerous tissue blocks of the cyst wall disclosed the absence 
of cartilaginous plates, lymphoid follicles, and tissues of thymic, parathyroid, esophageal, 
gastric, or intestinal derivation. There was no evidence of extension of the tracheal tumor 
into the cyst wall. 


DISCUSSION 

The potential for extraluminal mediastinal extension of respiratory tract 
adenomas has been well documented* * *® and confirmed by our own experi- 
ence. The gross and microscopic characteristics of the tracheal tumor re- 
ported satisfied, in all respects, the well-defined criteria’ for ‘‘earcinoid 
adenoma.’’ The fact that a second lesion may simulate the endoscopie and 
radiologic features of mediastinal extension has been demonstrated by the 
patient described. The rarity of this coincidence is attested by our failure 
to find a similar case recorded, although a mediastinal cyst occurring in con- 
junction with an aortic aneurysm has been reported.*. While the evidence 
suggests that, in this case, the neoplasm was completely removed, time alone 
will tell since local recurrence and appearance of metastases many years after 
operation have been recorded in patients with this disease.* 

The anatomic features of this cyst, especially the presence of lining 
epithelium having occasional ciliated cells, were considered best explained 
by the interpretation that the structure was of bronchogenic origin. Deriva- 
tion from the esophagus or other levels of the alimentary tract or foregut’ * ° 
was deemed unlikely. The absence of plates of cartilage or of seromucinous 
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glands from the wall of the cyst has not been regarded as contradictory to 
the diagnosis but explainable on the basis that the cyst was derived from 
ectopic bronchiolar-directed cells. The nature of the fluid removed from the 
eyst was held consistent with this view, inasmuch as the anatomic position 
of the eyst and the character of its fluid were quite different from those 
described for cases of ‘‘ ciliated esophageal eysts.’” 

In the repair of the tracheal defect, we have been favorably impressed 
by the pericardial graft. The pericardium has the advantage of being easily 
available, durable, and a conforming, living tissue with readily preserved 
blood supply. It has been previously used to reinforce bronchial stump 
closure and our experience has shown it to be an excellent substance for repair 
of experimental heart defects in animals. 


SUMMARY AND CONCLUSIONS 


1. A patient is reported in whom a tracheal ‘‘adenoma’’ occurred in 
juxtaposition to a mediastinal bronchogenic cyst. 

2. The diagnosis of extratracheal extension of the 
pected by endoscopic and roentgen examination. The correct diagnosis was 
made at thoracotomy. 

3. A pedicled pericardial graft was used to close the tracheal surgical 
defect. Follow-up bronchoscopic observations have demonstrated excellent 


‘‘adenoma’’ was sus- 


healing and apparent epithelization of the graft area. 
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Erratum 


In the article, ‘‘Mitral Insufficiency With Compression of the Left Main Bronchus 
Treated by Open-Heart Surgery,’’ by Drs. David R. Murphy, Anthony R. C. Dobell, Gordon 
M. Karn, and James E. Gibbons, in the March issue of the Journal on page 322, Figs. 2 and 3 
should be reversed, the legends remaining as they are. 





